United States Office of Policy August 1989
Environmen tal Protection Planning and Evaluation EPA-230-08-89-065
Agency Washington DC, 20460

Estimating and Valuing
Morbidity in a Policy
Context:

Proceedings of June 1989
AERE Workshop

|




EPA 230-08-89-065

AERE Workshop

Estimating and Valuing Morbidity
in a Policy Context

Proceedings

Workshop Sponsors

The Association of Environmental and Resource Economists
US. Environmental Protection Agency
National Oceanic and Atmospheric Administration

Session Chairpersons
Session |
Chair: Ann Fisher, US. EPA

Session |l :
Chairs: Richard Williams, FDA
Allen Basala, US. EPA

Session Il
Chair: William H. Desvousges, [Tl

Research Triangle Park, North Carolina
June 8-9, 1989



The information in this docunment has been funded in part by the
United States Environnental Protection Agency (EPA) under
Cooperative Agreenents CR-812056 and CR-815869. It has been
subjected to the Agency’'s peer and adm nistrative review, and
approved for publication as an EPA docunent. Mention of trade

names or commercial products does not constitute endorsement or
recommendation for use.



CONTENTS

Session I: Estimating the Amount of Iliness and Inury Associated with
Specific Causes

The Role of Epidemiology in Developing Useful Data for Public Health Policy
Daniel A Hoffman (to be provided at workshop)

Acute Health and Variable Air Pollutants
James C Murdoch, Mark A Thayer, William N Weirick

Estimating Skin Cancer (Melanoma) Deaths from Sunlight Exposure
Hugh M Pitcher

Session II: Valuation of Changes in lllness and Injury

Pricing Environmental Health Risks Survey Assessments of Risk-Risk and Risk-Dollar
Trade-offs W, Kip Viscus, Wesley A Magat, and Joel Huber

The Social Costs of Chronic Heart and Lung Disease
Maureen L. Cropper and Alan J. Krupnick

Estimating the Value of Avoiding Morbidity and Mortality from Foodborne llinesses
Josephine A Mauskopf and Michael T French

Utility-Adjusted Impairment Years: A Low-Cost Approach to Morbidity Valuation
Ted R. Miller, Charles Calhoun, and W Brian Arthur

Valuing Nonmarket Goods: A Household Production Approach
Mark Dickie and Shelby Gerking

Valuation of Morbidity Reduction Due to Air Pollution Abatement Direct and Indirect
Measurements
Mordechai Shechter

Risk, Self-Protection and Ex Ante Economic Value
Jason F Shogren and Thomas D Crocker

The Economics of Quarantines: An Application to Pesticide Regulation
Erik Lichtenberg, Robert C Spear, and David Zilberman




THE ROLE OR EPIDEMIOLOGY IN DEVELOPING
USEFUL DATA FOR PUBLIC HEALTH POLICY

by

Daniel A Hoffman




The Role of Epidemology in Devel oping
Useful Data for Public Health Policy

Dani el A. Hoffnman, Ph.D.
Centers for Disease Control

Atlanta, GCeorgia

| NTRODUCTI ON

In the last two decades, the role of epidemology in
providing data for public health policy makers has becone
nore promnent than any time in the history of this
discipline. |Its greatest advantage is that it provides
direct human evidence of the health outcones from various
environnmental exposurs, unlike animal nodels. However,
there are many caveats that need to be attached to these
data. The objective of this paper is to review sone of
the basic limtations to the epidemologic nethod, both
in study design and in interpretation of the data. The
perspective that | wll present is that of an
epidemologist in a public health agency. The Centers for
Di sease Control does not engage in the devel opnent of

regul ations or have a large program in risk assessment.



Qur principle function is to serve the state and | ocal
health departnents by offering advice and assistance when
necessary through field investigations of potential

public health problens-in our case,

environment al | y-i nduced disease. This involves the
identification of study hypotheses, designing the study,
devel oping the necessary survey instrunents, collecting
health data, analyzing this data, and finally offering
our interpretation and recomendations. Basically we
engage in the classical epidemologic nethod of

hypot hesis generation and testing through field

i nvestigations. Consequently, ny talk today is focused on
the techniques involved in acquiring these data, and

exam ning the strengths and weaknesses of these data as
they relate to various interpretations of their neaning
for use in risk assessnents, regulatory actions, or

public health policy decisions.

DESCRI PTION O EPIDEM OLOG C  METHODS

The assessment of effects on humans of various
environmental exposures relies heavily upon the results
from testing of animal nodels and clinical and

epi dem ol ogi cal studies. However, the nobst inportant
advantage that epidem ol ogical studies have over aninal
investigations is that they provide direct evidence of

the effects of toxic exposures in humans. Conversely,



human studies are difficult to conduct properly and the
interpretation of the results from these studies mnakes
life difficult for both regulators and policy nakers.
Part of the problem in interpretation stens from the
design of these studies which can be very conpl ex.

Anot her problem is dealing wth the inherent biases which
inevitably creep into the interpretation of the data, no
matter how thoroughly these have been addressed either in
the study design or analysis. This stens from the fact
that, with the execption of clinical trials,

epi dem ol ogi cal studies are observational by nature, not
experinmental. Not only do humans vary widely in their
response to toxic agents but they vary also in their
capacity for response as well as in their exposure to
factors such as alcohol and tobacco, which nmay may
greatly nodify the nature or severity of their responses
to toxic exposures. (One exanple would by the relation

bet ween radon exposure and cigarette snoking which could
either be additive, submultiplicative or nmulplicative
dependi ng upon which data is reviewed and which nodel is

applied to that data.

Despite these difficulties, techniques for the evaluation
of data from human studi es have been devel oped and
refined. The epidem ological nethod has matured to the

point that it has withstood the criticism that it is



i ncapabl e of establishing the etiology of disease.

Epi dem ol ogi cal inferences have been sustained and
corroborated by the results of toxicological and

bi ochem cal studies, and epidem ology has proven to be a
powerful tool for the exploration of both qualitative and
gquantitative cause-and-effect relationships between

envi ronmental exposures and human di sease. However, there
is still much to be done, especially at the rather |ow

| evel s of exposures that nost human popul ations
experience, to further refine the tools of epidem ology.
I would now like to briefly discuss sonme of the various
study designs used in epidemology. Next | wll address
sone of the sources of bias in epidemologic data, and
conclude with a discussion on interpretations of
causality based on data derived from epi dem ol ogi cal
studies. Two areas of study which I wll not discuss in
any detail today are the appropriateness of animls nodels
as they apply to risks in humans and the use of

bi omarkers as indicators of risk in epidemologic
studies. The mmjority of our experience at CDC has been
concerned with collection and interpretation of
epidemiologic data so the principal focus of nmy talk wll

be on that process.

The mpbst conmonly used designs in epidemology are: 1)

case reports; 2) ecological or correlational studies; 3)



cross-sectional studies; 4) case-control studies; and 5)

cohort studies.

1. CASE REPORTS

Case reports identify one or nore cases of a disease that
have been detected by clinicians, by conmpany or union
officials, or by through active surveillance or passive
reporting such as cancer registries. The first recorded
case studies of environnental disease were Sir Percival
Pott’s observations of scrotal cancer anong chimey
sweeps in London. Publication of such case reports often
constitutes the first recognition that a problem of
environmetal ly induced disease exists, and subsequent
epi dem ol ogi cal assessnent proceeds from this
recognition. A nore recent exanple includes the first
recorded cases of AIDS by clinicians at UCLA nedical
center in 1978. In a case series, an inference of causal
associ ati on between causation and an environnmental agent
is based on the plausibility of the follow ng
considerations: clustering of the cases in a limted tine
frame; the relative rarity of the types of diseases
observed; a history of comon environnental exposure; an
the apparent strength of the association. The nobst conmon
use of case reports are hypothesis generation,

surveillance, and case registries



Surveill ance

The case report has historically been an inportant”
surveillance tool, especially for recognition of

i nfectious diseases. Cccupational case reporting has been
useful in terms of reporting occupational injuries for
wor kman’ s conpensation, but not so nuch for occupational
di seases due to the long l|atency period between exposures
and disease. A nore recent use of case reports as a
surveillance tool is for the identification of senital
health events. These are cases of disease associated wth
wel | -characterized causes whose appearance signals a
breakdown in nechanisns for disease prevention. This

nmet hod has been applied with success in the reduction of
maternal and infant nortality and has been extended to

such environnental illnesses as |ead poisoning.

Case Registries

O her surveillance systens relying on case reports
include case registries, such as the CDC D oxin Registry
or workers suspected of having been exposed to dioxin.
These exposure registries perform the task of grouping
potentially high-risk populations for future

epi dem ol ogi cal  studi es.

An advantage of case reports over nost other types of

epi dem ol ogi cal studies is their low cost. In addition, a



short lag tine between identification of cases and
dissem nation of information is nore typical of case
reports. However, relying on case reports as an early
warning system is |ess useful when:
1) the cases are sporadic;
2) the relative risk is |ow
3) the outcone is a comon disease or a synptom
with nultiple common etiologies such as |ung
cancer or heart disease,
4) there is a long latent period between exposure
and effect; and
5) there is a continuum of disease and health and
no clear distinction between cases and noncases is
possi ble, for exanple, prenalignant dysplasia and

carcinoma in_situ.

In addition, case reports can provide only a rough
estimate of disease frequency, in that they give no
information on the size of the population at risk and
thus nake it inpossible to calculate a disease rate.
Finally, case reports are difficult to generalize to a
popul ation since the population from which the cases are

identified is not usually well defined.

2. CORRELATIONAL OR ECOLOG C STUDI ES

Anot her type of descriptive tool used by epidemologists

is the so-called correlational or ecologic study, which



uses data from entire populations to conpare disease
frequencies between different groups during the sane
period of time or in the sanme population at different
points in tinme.

As an exanple of the forner, correlational studies have
suggested that various dietary conponents, in this case
per capita neat consunption, nmay be risk factors for
colon cancer. Figure 1 shows the correlation between per
capita consunption of neat and rates of colon cancer in
wonen from a large nunber of countries. As apparent from
this figure, the rates of colon cancer are lowest in
countries with the lowest per capita neat intake and vice

ver sa.

Figure 2 illustrates the change in disease frequency
within the sane population over tinme. In this slide, the
difference between tge approximately 820,000 deaths from
coronary heart disease that would have been expected in
the United States if the 1968 rates had continued to
apply and the approximately 630,000 deayhs actually
observed. Such data suggest two possible explanations: 1)
that the decline in deaths from coronary heart disease
could be due to prevention due to inprovenents in
life-style habits and consequent risk factor reduction,
and 2) that while the rates of CHD did not decline,
persons were surviving longer due to inprovenents in

medi cal managenent of CHD.



Wiile correlational studies are useful in devel oping
hypot heses for study, they cannot be used to test them
because of a nunber of imtations inherent in their

desi gn.

1) Correlational studies refer to popul ations
rather than to individuals. Therefore, it is not
possible to link an exposure to occurrence of

di sease in the sane person.

2) The distribution of other risk factor’s which
may account for different rates of a disease, may
be differentially distributed anobng populations.

This is known as the "ecologic fallacy".

3. CROSS- SECTI ONAL  STUDI ES

Anot her type of descriptive study design is the
cross-sectional survey, in which the status of an
individual with respect to the presence or absence of
both exposure and disease is assessed at the same point

in time. For exanple, the Health Interview Survey is a

national cross-sectional study that periodically collects

extensive information by questionnaire from a sanple of
over 100,000 persons throughout the United States. These

studies often rely on personal interviews or



questionnaires to obtain denographic information,
synptomatic, and exposure data on clinical evaluations
based on physical examnations and |aboratory and
environnmental sanpling data to identify the
characteristics of the sanple population and to
guantitate exposure to potential risk factors. An
advantage of the cross-sectional survey is the rapid
estimation of nunerator values for determning frequency
or prevalence rates of both exposure and effects.
Limtations of this nethod include the inability to

di stingui sh whether the exposure preceeded the

devel opment of disease or whether the presence of disease
affected the individual’s |evel of exposure, since
exposure and disease are assessed at the sanme point in
tine. Cross-sectional approaches have limted useful ness
in cancer studies because of the usual |ow preval ence of
cases. It is also extrenely difficult to quantify
exposure in cross-sectional studies. However, for factors
that remain unaltered over tinme, such as sex, race or

bl ood group, the cross-sectional survey can provide

evidence of valid associations.

Five common pitfalls can be found in the cross-sectional
nmet hod. These are:
1) Selection bias, in that a nonrepresentative
sanple of the population may be surveyed, limting

the generalizability of the survey results;

10



2) Confounding bias, which can result for factors
related to both exposure and outcome, such as age;
3) Inadequate sensitivity of the survey
instrunents. This includes specificity, which is
the ability to detect "true" negatives, and
sensitivity or the ability to detect "true"
positives;

4) Lack of standardization of the instrunments used
for data collection, which may prohibit the
pooling of data from multiple surveys; and

5) Inadequate validation of either exposures of
health outcomes, resulting in msclassification of

ei ther category.

Sunmmari zing, in general, cross-sectional studies are
useful for raising the question of the presence of an

association rather than testing a hypothesis.

The next two types of epidemologic studies are
observational in design. These are the case-control study

and the cohort study.

In theory, it is possible to test a hypothesis using
either design strategy. In practice, however, each design
offers certain unique advantages and disadvantages. In

general, the decision to use a particular design is based

11



on the features of the exposure and disease, the current
state of know edgeand |ogistic considerations such as

available time and resources.

4. CASE- CONTROL _ STUDI ES

In the case-control study, a case group or series of
patients who have a disease of interest and a control or
conparison group of individuals wthout the disease are
selected for investigation, and the proportions with the
exposure of interest in each group are conpared. Lung
cancer patients, for exanple, can be conpared to persons
wi thout that disease for differences in exposures, such
as cigarette snoking, occupational exposures, and radon
levels in the hone.The relative frequency of
distribution of the exposure in the case and control
groups is wusually evaluated by conputing an odds ratio
which is defined as the product of the nunber of exposed
cases and unexposed controls divided by the product of

t he unexposed cases and exposed controls. This is also
sontimes known as the cross-product odds ratio because of

the manner in which it is calculated.
Case-control studies can be conducted relatively rapidly.

Many simul taneous exposures can be evaluated in relation

to even the rarest disease. Hower the sequence of

12



exposure-health event is often difficult to assess if the
case population includes patients selected from
historical records. If the disease studied is rapidly
fatal, interviews with surrogate respondents nay be
required which may result in msclassification of
exposures. The individual exposure status is often
difficult to quantify with any precision, especially in
environmental studies, and control of possible
confounders may require a conplex design or analysis.
Consequently, only environmental exposures with a high
preval ence and relative strong toxic effect are

effectively studied by the case-control method.

In a cohort or followup study, the study population is
divided on the basis of exposure status. For exanple, in
a recent study of the health effects of volatile organic
conpounds in M chigan, we assenbled study cohorts on the
basis of whether or not VOC S were detected in their well
water and if they had lived for a specified period of
time in the study area. Residents who had noved away
prior to the initiation of the study were still eligible
for inclusion in either the exposed or unexposed cohorts.
Once the exposure status of the study cohorts has been

determned, which is sonetines quite conplex and can

13



result in msclassification of exposure status thus
biasing the study outcone towards the null hypothesis of
finding no effect, the history of disease is determ ned
in both the exposed and unexposed groups. The rate of

di sease in the exposed group is conpared to that in the

unexposed group resulting in a relative risk of disease

which could be due to the exposure being studied. This is
also called the rate ratio since it is sinply the ratio
of two incidence rates. Both of these neasures of
association include a factor for followup tine known as
the person-year. This is sinply defined as the interval
from the tine exposure began to the date of diagnosis of
di sease, death, l|oss-to-followup or, if disease-free, an

arbitrary date.

The strengths of the cohort approach include the

fol | ow ng:
1) the sequence of exposure and health outcone can
be studied;
) many health outcones can be evaluated wth
regard to the one exposure of interest (although
this may have becone a problem in sone studies as
mul tiple conparisons inevitably lead to at | east
one “significant” finding);
3) the initial exposures can be quantified through

historical records or even nore so if there is a

14



bi ol ogi ¢ marker of exposure such as blood or bone
| ead |evels;

4) rare exposures can be studied;

5) collection and analysis of potential
confounding factor is possible; and

6) absolute risks may be calculated for use in

public health prevention strategies.

Sone of the drawbacks to the cohort approach are the
expense and difficult logistics of these studies, the
potential for msclassification of exposure and disease
outcorme resulting in a biased estinate of risk, and the
inability to study rare disease because of the very large
popul ati ons necessary for study. This latter drawback is.
inmportant in studying the effects of |owlevel
environmental exposures. Because the anticipated risk of
t hese exposures is low, very large nunbers of exposed
persons are required for study if the outcone is to have

any decent statistical power.

PROBLEMS 1IN CURRENT STUDY DESI GNS

From the previous discussions, four areas of mgjor
probl ens becone evident: 1) the assessment of the
exposure-response sequence; 2) quantification of

exposure; 3) recognition of bias and confounding; and 4)

15



guality and validity of data. Cearly, a very conplex

study design may be required to yield useful results.

Measures to inprove the usefulness of human studies for
risk assessnment purposes include the extension of the
duration of followup tinme, assessing the tine conponent
in exposure and disease diagnosis, focusing on
potentially high-risk populations for study, and quality
assurance of information on exposure and disease. Wiile
nost of these neasures are in the area of Ilogistics and
funding, an inportant exception is inprovenent of the

guality of the exposure data.

In the past decade, developnent of environnental exposure
nmesures has been very rapid. Detection limts for
chemicals in environnmental media have dropped by three to
four orders of nagnitude, and the progress of tests for
sonme chemicals in biological nedia is alnost as

i npressive. The detection limts for dioxin in sera, for
exanple, is now neasured in parts per quadrillion.
Unfortunately, little progress to date has been found to
be of practical use in epidemologic analysis and risk
estimation. For instance, issues of background |evels,

bi ol ogi cal persistence, adaption nechanisns, absorption
kinectics, saturation of netabolic pathways, and the
impact of an individual’s characteristics on the

pat hogenetic process have not been addressed in nost

16



epi demi ol ogi ¢ study designs, and, for the nost part, have

yet to enter the area of regulatory risk assessment.

There are other practical exposure issues that need to be
addressed such as noncontinuous or fluctuating exposures,
the cause of interspecies differences, and whether or not
an observed dose-response relationhip is stable over a
wi de range of dose levels. W will also see an increasing
demand to incorporate quality assurance and quality
control in epidemologic studies with regard to matters
other than |aboratory work. For exanple, it is of utnost
i mportance to make certain that the disease of concern is
followng and not pre-dating exposure. Finally, there is
the issue of the quality of the diagnostic criteria for a

case Oor a non-case.

The quality of diagnosis becones a very central issue
when it comes to scenarios of |ocalized environnental

pol lution, for exanple, at a chemical dunp site, and
residents with nonverifiable and subjective conplaints,
which may be real to them sucah as headache, fatigue,
nausea, chest pain, and loss of libido. Currently, there
is an inclination anong epidem ologists to ignore or
disqualify this so-called “dunp-site syndrone” from
serious study. However, such an attitude is usually
followed by a deterioration of a conflict situation

between citizens and authorities. There are many

17



i nstances where eventually epidemologists have been
forced by heavy and relentless public and political
pressures to conduct studies of such perceived illnesses.
In doing so, they will have to derive nethods to cope
with non-verifiable health outcomes, while nmaintaining
scientific integrity and credibility. In theory, it
should be possible to either solve the problens wth
statistical tools, or by developing tests for the kinds
of conplaints often described as enotional or
behavioral. CDC staff are currently devel oping and

applying such tools to several |arge studies.

Statistical methods usually fail since the situation at a
dunp site is inherently associated with an abundance of
negative publicity, usually in the direction of stating
the association of voiced conplaints with exposure, or
even just living near a dunp site, as a fact. This
scenario often results in serious reponse biases for
persons who perceive they nmay be exposed. | do not forsee
t hat behavioral toxicology, an exciting new field of
research, can provide us in the near future with the
appropriate scientific tools to address currently

nonconfirmable conpl aints.

DEVELOPMENT OF MOLECULAR EPI DEM OLOGY

A special problem both in animal and human studies, is

18



that current designs deal with observed disease, which is
a nore or |less advanced stage of a toxic effect. In

ani mal studies, nost diseases are observed in noribund or
sacrificed animals. In humans, disease detection is
usually in an earlier phase by virtue of man’s ability
for detailed conmunication. However, even comobn diseases
such as cancer, arthritis, hypertension, and diabetes
still pose unresolved problens in assessing the date of
onset. Estimates of this date may differ by many years,
and this would offset greater accuracy in exposurenent.
The | ogical response to this problem is to devel op
techniques to diagnose the disease in the earliest

possi ble stage. But the question then arises: “Wuat is
earliest possible?" An aggressive biopsy reginen for

di seases such as cancer and kidney disease may shift the
date of diagnosis from nonths to years earlier. Certain
inborn netabolic disorders can now be detected
prenatally. The use of electron mcroscopy has brought us
closer to the early onset of renal disease.

Unfortunately, these striking inprovenents in early

di agnosis require invasive procedures. This is a serious
handicap to epidemologic studies, especially those
involving environnmental rather than clinical or
occupational exposures. This explains the increasing
interest of epidemologists and risk assessors in the use
of biomarkers indicating past exposures or early stages

of tissue dysfunction, for exanple, DNA-adducts.
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VALADI ATION OF ASSUMPTIONS FROM EPIDEM O.OE C STUDIES FOR

REGUATORY PURPOSES AND PUBLIC HEALTH PO CY DECI SI ONS

Finally, 1 wuld like to discuss the interest of
epidem ol ogists in the validation of a nunber of
assunptions used in risk assessments for regulatory
purposes or public health policy decisions. One of these
is the assunption that the presence of a toxic chem cal
in the environment automatically inplies exposure, and
that that body dose is proportional to environmental
concentrations. This assunption leads to the often-used,
but nevertheless incorrect practice of assumng that the
concentration of a chemical in nedia such as soil, air or
water is a direct neasure of the anount of chemicals
absorbed in the human body. Wrse, w thout nuch thought
it is often considered identical to the challange to the
organ or tissue interest when determ ning acceptable
exposure levels. Studies into the relation between
environmental presence, human exposure, and
organ-specific dose are increasing in nunber.

The findings from these studies have sonetinmes been
contrary to expectation. For exanple, at the CDC, studies
have shown that the concentration of arsenic, PCB S,
mercury, and lead in the soil of a neighborhood is only
partly related if at all to the levels in the biologic
specinens of residents. In this light, it is inportant to

recogni ze the inportance of well-conducted research with

20



negative findings. Such research is critical to our
understanding of the effects of toxicants on human

bi ol ogy. Moreover, such findings help concerned
scientists to inform the public of true risks and allay
undue anxiety. |Indeed, despite the abundance of available
data to date, the relation between environnmental
concentrations of chlorinated hydrocarbons such as DDT,
dioxin, and PCB'S, and human sera or adi pose sanpl es,
remai ns unclear, and the relation of these levels of body
burdens to clinical disease renains uncertain.

To date, epidemologic studies alnost never prove cause
and effect, though in a few instances, reasonable people
woul d accept sonme of them as such. For exanple, in

| ooking at the pathway of exposure and body burden, the
association of the reduction of l|lead used in gasoline
production and the reduction of nean blood lead levels in
the U S. population is striking. Over a 4-year period
when the |ead phasedown in gasoline was occurring, we
were conducting a study of blood lead levels in the U S
popul ation using data from the Second National Health and
Nutrition Exam nation Survey or NHANES-2, an exanple of a
cross-sectional study. Two things, declining blood |ead
levels and lead used in gasoline production were highly
correlated. W renoved over 100 potentially confounding
variables from this association in the analysis and the
coefficient of correlation did not appreciably change.

Yet many epidemologists stated that this did not provide

21



adequate evidence of cause and effect. The only way to
unequi vocal ly prove cause and effect in this situation
woul d be to conduct an experinmental study where children
were placed in chanbers and breathed air with different
lead levels and then neasure their blood |ead |evels.
This experinent, of course, would be entirely unethical
and would not be supported by society. Studies conducted
in humans nust wuse only inadvertent exposure or natural
experiment s* such as that occurred with water

fluoridation and dental «carries.

Proper use of epidemologic data can |lead to inportant
collective public health benefits. On the other hand, to
press such data into service to respond to causal effects
for an individual’s disease holds high potential for

m suse of the data.

W will continue to respond to specific incidents of
human exposure to toxic or hazardous substances. W wll
al so continue our efforts, through epidem ol ogic

techni ques, to neasure both the immediate and |ong-term
health effects and to nake sound recommendations for the

attenuation of these potential risks.

Al though the results of such epidemologic investigations
may not provide the conclusive answers about health risks

from environnental exposures, which are now in such
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demand and so prevalent in the nedia, we have hope that
we can study and detect these associations where they
exist, so that prudent public health actions can be
taken. Thus, we see the ultimate role of epidemology as
one of prevention, Wich is the nost effective public

health policy to inplenent.
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Abstract

Previous work has shown that there is a six fold increase in
the risk of death from nelanoma for white males born in the 1940's
when conpared to white males born in the 1880's and 1890's. For
wonmen the sane ratio is slightly less than three. Accepting the
hypothesis that nost nelanoma is caused by exposure to solar
radiation, an investigation of <changes in residence patterns,
occupation, and outdoor recreation is nade to see if the changes
in cohort risk can be explained by changes in factors related to
exposure patterns. Household access to autonmpbbiles turns out to
be the best potential measurable factor explaining outdoor
recreation patterns. Wile no conclusive findings are reached,
support is developed for the hypothesis that intense exposure of
skin which has not devel oped natural defenses under |ow to noderate
exposure is the primary risk factor for nelanoma. The introduction
of sun screens” is associated with reductions in this risk. Since
l[ifetime incidence rates for white males in the 1940's cohorts will
approach 2.5 percent with death rates of about .6 percent, nelanonma
is a significant public health problem The paper’s results
suggest that a risk comunication policy should be ainmed at
nodi fying sun exposure habits to reduce intensity of exposure.
The association of the autonmobile with problem exposure behavior
suggests a strategy of keeping sun screen in the glove conpartnent.
The payoff from such a policy could be a dramatic reduction in
nmel anoma i ncidence and death.



| NTRODUCTI ON

Cut aneous malignant nelanoma is the nost rapidly rising cause

of cancer death for white males and the second only to |ung cancer

for white females.?! In response to this, there has been nuch
i nvestigation of potential causes.2 Because nelanoma cannot be
induced in small |aboratory animals by ultraviolet radiation alone,

the ability of laboratory research to settle etiologic issues has

been sharply limited.3

Epi demi ol ogi c results have been
inconsistent, wth less nelanonma observed on frequently exposed
parts of the body, and death rates increasing with latitude in
Europe.4'5 Cccupations involving outdoor exposure have been found

to be midly protective.6

It has been difficult to devel op a node
whi ch can confortably explain all of these results. Thus, despite
all the work on nelanoma to date, there is still a clearly
understood feeling by the research community that this is a disease
whose etiology is not at all well understood. 8
The first part of the paper reviews sone basic biological and
epi dem ol ogi cal results. The next section reports on previous
results obtained in this research project. The project has been
centered around factors affecting nelanona death rates for US
whites between 1950 and 1984. County death rates have been
agregated into Standard Metropolitan Areas(1980 definition) and

nerged with census data on sociodenographic characteristics of the

1980 popul ation, weather data for each city, and nodel based
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estimates of exposure.9 This data set has been used to investigate
the response of death rates to potential exposure, the cohort
structure of death rates, and the response of death rates to
i ndi vidual conponents of the ultraviolet spectrum For this paper,
the data set is used to predict cohort levels of risk, which serves
as the basis for the analysis of changes in ecologic risk factors.

The third part of the paper then precedes to exam ne how
factors such as outdoor recreation, outdoor work, and residence
have varied over the period for which cohort risk of death of
nel anoma can be inferred from the data set. First, some mneasures
of how these factors have changed are devel oped. These are then
conpared to the sunmary risk neasures for each cohort. Qut of this
there energes a fairly clear picture of the kinds of exposure
factors that can be related to the observed change in risk. These
factors can explain the rise and stabilization of the cohort risk
factors. They cannot explain the downturn in risk seen in the
youngest cohorts.

The next section |ooks at available data on sun screens to see
if they are a potential cause of the downturn. It is shown that
sunscreens can be an explanation of the decline only under the
hypothesis that it is control of intense exposure of skin which has
not devel oped natural protection which is inmportant if risk is to
be reduced. Usage levels are too low for themto have been a factor
if control of all exposure is necessary to reduce risk. The |ast

section developes sone of the potential benefits of a risk
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communi cation strategy developed along the lines suggested by the
results of the previous sections.
BACKGROUND

This section reviews sone basic biology, sonme of the little
that is known about how the skin develops natural protection, and
some results about how exposure changes as a function of |atitude,
time of year, and tine of day.

Mel anoma arises in the nelanocyte, the cell which produces

10

nmel anin, the conpound responsible for skin color. The precise

process by which the transformation to a tunor takes place is not

11 The tunmor is normally highly antigenic--nmeaning the

known.
i mune system will attack it--and one of the clinical markers for
an early lesion is a red iritated area around the lesion. 12 gjpce
W radiation is known to suppress sone aspects of the inmune sytem
i mune suppression via this route is thought to play sone role in

t he di sease. 13

However, this role remains to be worked out in
detail . The tunor netastizes readily once it penetrates the
surface of the skin and it is the nmetastases which are responsible
for the nortality associated wth melanoma.l4 On t he other hand,
five year survival rates for nelanonmas renoved before the derms

has been invaded are about 95 percent.15

Thus early diagnosis and
renoval are critical to effective treatnent of the disease.

I nci dence and death rates from nel anoma have been growi ng very
rapic:lly.16 Figure 1 shows death and incidence rates for whites in
t he US. In 1984 total deaths from nelanoma in the US were 5377.

of these deaths 5264 were whites and 113 were non whites. Age
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adjusted death rates were 3.11 for white males, 1.65 for white
females, .37 for non-white males and .41 for non-white females.
This is a world wide pattern, indicating that nmelanoma is primarily
a disease of white populations. For non-whites, nelanoma al nost
always arises in the non-pignented portion of the body, either
under the nails or on the soles of the feet.l’ Thus pignmentation
is protective. This is true even within the white population, wth
sout hern Europeans such as Spanish and Portuguese nuch less likely
to get melanoma than those of northern European origin.

The hypot heses that nelanoma mght be solar related stens from

the fact that non-nelanona skin cancers seem to be clearly sun

19

related. Non- mel anoma cancers occur nost frequently on the

exposed portion of the body, and are nuch nore frequent on those
with lots of outdoor activity--thus they clearly are a function of

20 Mel anoma, on the other hand does not follow

lifetinme exposure.
this pattern.z1 Less exposed parts of the body, such as the trunk
in males, and the legs in fermales, are the predom nate place where
nmel anoma is found. This <clearly indicates the need for sone
modi fication of the solar hypothesis. The second problem stemns

fromthe results for Europe, which show that the expected decrease

of nelanoma incidence and death rates wth Jlatitude does not
22

occur. Rather rates are lower in southern Europe than in
northern Europe. This may be due to the pignmentation variations
di scussed earlier. Later results in the paper on the possible

role of recreation, occupation and residence patterns may also

help explain the anomaly.
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Existing results also point to the role of early exposure as
bei ng critical.23:24 Again, the results are not unanbiguous, and
in sonme cases depend on quite small sanples. Finally, due to the
lack of an animal nodel, the exact portion of the spectrum

responsible for carcinogenisis is not clear. 25

The hypothesis is
that the UVB part of the spectrumis responsible, since this is the
part of the spectrum where damage to DNA occurs. Due the |ack of
a wdely distributed network of instrunmentation capable of
i ndi vi dual waveband neasurenent, there has been no confirmation of
this by epidemological studies. Thus the potential role of

sunscreens as a protective device has been difficult to determ ne

since the major chemcals are effective only in the U/B part of the

spectrum 26

Exposure to the sun elicits the production of nelanin and the
devel opment of a thicker stratum corneum the outernost |ayer of
cells on the skin. 2_7 Both of these factors reduce penetration of
W radiation to the growng layer of cells. Wile it is difficult
to determne the exact extent of the protection induced by these
factors, the tanning process does increase the length of tine

necessary to produce erythema(sunburn) py at least a factor of

28

t hree. Bl ack skin reduces the level of radiation reaching the

nmel anocyte by about a factor of 10.2°

Per haps obviously, the
incident angle of radiation is also very inportant, since radiation
entering the skin at a sharp angle nust travel nuch further before

reaching the growing layer of <cells. Thus, nost work activities
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expose substantially less of the skin to intense doses than do
activities |ike sunbathing, where the body is prone.

Utraviolet radiation present at ground level starts at about
290nm and increases by about 5 orders of magnitude in intensity by
325 nm From this wavelength to 400 nm the lower end of visible
spectrum radiation is rougly constant in intensity and varies in
the same manner as visible light. The large variation in intensity
between 290nm and 325nm is due to absortion by ozone in the
strat osphere. Figure 2 shows variation in DNA weighted radiation
by latitude for a clear day in the peak nonth of the year and for
total radiation during the year. Note that there is little
variation in peak values between the equator and 30 degrees.
| ati tude. Figure 3 shows DNA and Erythema weighted radiation
measures during the year for Washington DC. Note that DNA wei ghted
radiation varies nore than does erythema weighted radiation.
Figure 4 shows variation during speak day in July. Note again
that DNA radiation varies nore during the day than does erythena.
The relevance of these differences in behavior wll becone clear
later in the paper.

PREVI QUS RESULTS FROM TH S PROJECT

The work already done on this data set bears on a nunber of
the open questions discussed above. First, it shows that
variations in intensity of wultraviolet radiation are associated

with higher death rates.>V

A one percent increase in peak(clear
sunmmer day) DNA weighted radiation yields a .85 percent increase

in the death rate for males and a .58 percent increase in the death
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rate for females. Controls for socioeconomc variables do not
affect the results while including the effect of ethnic origin
reduces the responsiveness of death rates by about 20%
The second area of work with this data set suggests that it is
exposure in the UVB part of the spectrum which is responsible for

31 . .
The exposure neasures used in previous

the carcinogenisis.
epi dem ol ogy on nel anona have been sinple latitude(which is a non-
linear function of exposure as figure 2 illustrates), hours of
sunlight, or an integrating neter(known as the Robertson Berger
meter) which gives a single neasure of UV radi ation. 32 The
exposure neasure used in this study is developed from a nodel which
incorporates satilite neasures of ozone into a radiative transfer
nodel to predict ground level UV radiation. These predictions can
either be in the form of wavelength weighted neasures where the
wei ghts are the inverse of the biological effectiveness of
different wavelengths, or as individual waveband energies. |n this
particular work, individual waveband energies from 295-299 through
330-334 for a clear day in June were used as exposure neasures.
Table 1 presents the estimates for different wavebands. Deat hs
were nodeled as a poisson process and estinmation was done using
iteratively reweighted |east squares to get maximm [iklyhood
esti mat es. The results show a positive relationship between
radiation below 320, with a negative and significant relationship
above 330 for males. For fenmales that pattern is similar, but the
results are not significant above 330nm Because of high

correlations between different wavebands, jt is not possible to
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introduce nore than two wavebands sinultaneously into the
equati ons. The second part of Table 1 shows the results using 295-
299 and 300-304 as the short waveband w th various wavebands used
as the long waveband. This indicates the upper range for positive
response to radiation lies at about 315 nm or at the upper end of
the range where radiation damages DNA
These results rely heavily on variations in specific parts of
the spectrum Since the nodel has only been tested with aggregate
mesures produced by the Robertson-Berger neter, nore work is needed
to baseline the nodel. However, the overall pattern of variation
is dependent only on variations in neasured ozone and very basic
radi ative principles. Thus while there may be neasurenent error,
it is unlikely to be systematic in nature, and thus, in this sinple
nodel , the expected result would be to bias the estinated
coefficients toward zero.
The third set of analyses done with this data | ook at cohort

experiences.33

As seen in Figure 5 there is a very systematic
structure to a plot of the log of the national cohort death rates
agai nst age. Cohorts are defined as those who are 0 to 4 years of
age for a five calender year interval. This results in a nedian
birth year equal to the initial calender year of the period. Thi s
definition was required because death data were only available in
five year age groups in the source data set. The |abels on the
plot refer to the nedian birth year for each cohort. The parallel

slopes of the cohort death rate curves above the age of thirty

suggest that it 1is early exposure which is critical to the
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potential risk. Statistical analysis confirms that the curves
above the age of 30 have equal sl ope. For men this slope is 7
percent per year and for wonmen it is five percent per year. As
Figure 5 shows, there is no slope to the death rate experience
before age 10. dinical experience indicates these deaths are due

to congenital nevi.3*4

Therefore, it seens reasonable to assune
that the rate for 0 to 9 year olds is constant, and all the
variation in cohort risk is due to variation in how the death rate
changes between age 10 and age 30. Table 2 presents estimtes for
a nodel which includes DNA weighted exposure, individual cohort
estimates for 7 < Age < 32, and a comon age effect above age 32.
These results suggest that variations in sone aspect of exposure
across tinme for the age group less than 30 are at the root of the
varying coefficients for the cohort specific age variable.

Using a nuch sinpler procedure, estimtes at age specific
rates at age 32 can be made for chorts born between 1865 and 1970.
For the 35 years of data available, average ratios for each five
year differential are conputed. These averages are used to
extrapolate from the nearest available death rate to the age 32
death rate. Table 3 gives the results of these forecasts for each
birth cohort. Wiite males show marginally greater than a ten to
one variation while white females show about a five to one
variation. Interestingly, there is a predicted downturn in the age
specific rates for cohorts born after 1950. As seen in figures 5
and 6, these reductions are already seen in these cohorts at

younger ages.'?'5 Next to the differential rates for blacks and
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whites, this is the largest variation seen in experience wth
mel anonma. Thus any explanation of nelanoma aetiology nust deal
wWth this experience. The next section of the paper |ooks at sone
potenti al expl anations for these large cohort effects.

COHORT VARI ATIONS I N DEATH RATES

Gven the small nunber of degrees of freedom across cohorts
and the very limted quantity and quality of data on recreation in
particular, the analysis in this section is nore qualitative in
nature that the analysis in the previous sections. The essential
guestion to be addressed is what changes have occurred in exposure
habits and opportunities between 1880-84, when the ol dest cohort
in the study was 15-19 years old and the 1980-84 period, when the
1965 cohort was 15 to 19 years of age. There are a nunber of
hypot hesis which could be suggested for the variation across this
period of tine. Here only solar related hypotheses are considered
since there is little indication in the literature of any other
cofactor besides genetic predisposition as a potential cause of
nmel anoma. (This is not to say one mght not exist--but only that a
creditable one has not been found so far).

The first potential hypothesis is that changes in place of
residence during the critical exposure years mght have changed so
that average intensity of exposure is higher. However, as Table
4 shows, DNA relevant radiation weighted by state populations
between 15 and 24 for every five years between 1890 and 1985
increases by only 2.8 percent in intensity(average exposure in 1980

is 3.25). Since this would anbunt to only an 2.5 percent change
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in risk at age 32 for males and a 1.65 percent change in risk at
age 32 for fermales, this does not explain the very l|arge changes
in lifetine risk seen in Table 4.

Li kewi se, occupational exposure is not the explanation. The
two nmjor occupation groups with extensive sun exposure are farmng
and construction. As Table 5 shows, these have fallen sharply in
relative size, and even in absolute size during the 1880-1985
period. Also occupation is less apt to be a risk factor for those
under the age of 20 since l|abor force participation rates are
relatively low and have been quite static in the 50 to 60 percent
range for white nmales between 14 and 19 and between 20 and 30
percent for white fenales in the sanme age group.

A third potenti al hypot hesis centers around outdoor
recreational exposure. This can at best be a partial explanation
of the changes in nelanoma risk. Around 1900, forty percent of the
popul ation lived on farms and participation in outdoor recreation
was about 4 hours per capita per year(see Table 7), while the
lifetime risk of death from nelanoma was only about 1 in 1000 for
both males and females. In 1960, eight percent of the population
lived on farns, per capita participation in outdoor recreation had
risen to alnost 120 hours, and the lifetine risk of death from
nmel anona had reached 6 per thousand for males and 2.7 per thousand
for females. From 1960 to 1985, farm population fell to about 2.5
percent of total population, per capital outdoor recreation hours
by 2 and one/half fold, but the risk of melanoma has decreased.

Wiile the results between 1900 and 1960 are suggestive of a role
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for outdoor recreation, the 1960 to 1985 results suggest(as always
with nelanoma it seens) that if there is a role for recreational
exposure it is not a sinple one.
One can nmake sense of the role of recreation if what matters
is not the extent of participation, but sinply participating at
all. Under this hypothesis one would expect to see a stabilization

in participation rates in sun intensive activities beginning in the

si xties. Unfortunately, data on a conparative basis does not
exi st. What can be examined is a nunber of proxy variables for
partici pation. One proxy for recreation behavior is the percent

of the labor force not at work due to vacation(see Table 8). Wile
conparable data is not available before Wrld War 2, data given in
Cl awson and Knetch indicate weeks of vacation per worker rose from
.37 in 1929 to 1.09 in 1959, suggesting percent participation rose
during the 1929-1946 interval also

A second indicator of percent participation comes from noting
that over ninety percent of outdoor recreation involves autonotive

transportation.xx

Assuming that nost recreational activity
involving autonotive transportation is famly oriented, the
critical variable controlling access to outdoor recreation is
househol d notor vehicle ownership. Table 9 gives this data for
the post war period. Table 10 extends this back before WV Il as
mean vehicles per househol d. Conparison with Table 9 indicates

that nean vehicles oer household is roughly double the percentage

of househol ds owning at |east one car. Wuat is clearly interesting
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about this variable is the apparent saturation on a per household
basis which occurs in the early 1960’s.

These two variables suggest that a case can be made that the
breadth of participation in outdoor activity stablized in the
1960’ s. Several surveys of participation in outdoor activities
were done between 1962 and 1982-83. Wiile summary results from
these surveys are not in a format that nakes conparison across tine
possible, the latest survey(1982-83) does indicate that all but 11
percent of the general population participate in some form of
outdoor recreation. For those between 12 and 24, all but 3 percent
of the population participate. The next step in this process is
to get the source level docunents and see if a nore coherent
picture can be devel oped.

The other aspect of changes in recreational exposure which is
inmportant to understand is that activities associated with intense
exposure have increased over tine. Swi mmi ng, especially
sunbathing, is typically associated with nore intense exposure than

hiking or bicycling. Further, in the northern part of the country,

the outdoor swinmmng season does not begin until the intensity
level is wthin ten percent of the peak level it wll achieve
during the year. One illustration of the increase in intensity is

that the nunmber of nuncipal swinmming facilities per capita
increased nore than seven fold between 1910 and 1965.

The issue of when expsoure begins, alluded to in the previous
paragraph, is also inportant. There have been very significant

changes in the time at which exosure begins for the critical age
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gr oups. In the 1880’'s, they typical student attended school for
only 80 days a year, and stoped school after the eighth grade.
Today, the typical student attends school twice as long and in
excess of 95 percent of the 5-17 year old population is in school.
G ven the shortness of the typical school year before 1900, we can
suppose that the real pattern for farm children, especially those
in the early teens, Wwas to be outside helping with farm work
beginning in the spring and continuing through the fall. This is
not a pattern of linmted sun exposure. It is a pattern which |eads
to the developnent of a tan prior to the period of peak intensity.
As Table 1b shows, if the participation in farm work begins in
March or April, the exposures levels are nuch lower than those
found beginning in late My or June, the typical tinme at which
school closes in the nodern era and outdoor recreation starts.

Thus we have a potential hypothesis explaining the increase in
mel anoma as a function increase in the effective intensity at the
time when sun exposure begins for the season. Under this
hypot hesis, the stabilization of rates occurring in the 1930's to
1950 for females and in the 1950's for nmales is explained by
stabilization in the percent of the population getting intense
exposure. The large increase in recreation behavior since the
sixties is one of nore extensive participation by each individual,
rather than a broader participation. If this is in fact the case,
and nore work is needed on this score, then a consistent pattern
can be found which explains the growmh of nelanoma by an increase

in the effective intensity of radiation brought about by changes
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in education and work patterns which delay the onset of outdoor
exposure until the period of peak insolation, and the spread of
activities such as swnmmng, which expose nmuch of the body to
sunlight, especially parts of the body which rarely receive any
prior exposure.

This would explain the markedly lower rates seen for the head
neck and hands for nelanoma, since these parts of the body are
exposed year round and thus have always devel oped sone |evel of
natural protection. It does not however, explain the decrease in
mel anona rates seen in cohorts born since the 1950's. (One possible
expl anation, consistent with the solar hypothesis, is that sun
screens have played a role. This is discussed in the next section.

SUNSCREENS

Under the intensity hypothesis, to be effective in reducing
risk, sunscreens do not have to be used all the tine, but only
during the period of initial exposure. The question is whether the
total use O Sunscreens, given in Table 12, is sufficiently high
to have possible been effective in reducing risk. To provide
adequate protection at the rated |evel, about one ounce of product
is required. XX Typical applications to the entire body seem to be

at about half this rate. X%

This rate is still enoughto produce
a very significant reduction in risk. Thus the actual nunber of
applications available is about twce the nunber of ounces sold.
This vyields about three applications per individual, which is
probably a mninmum | evel of protection for one day on the beach,

but not enough to get all potentially exposed individual through
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the period of developing a tan without getting an intense dose.

Thus it is unlikely that sun screens are the potential explanation

for the declining risk seen in the younger age cohorts. Only if
all sunscreen use were concentrated in the younger cohorts would
this be possible. In fact, anecdotal evidence suggests it is the

younger cohorts which are least apt to use sunscreens. Thus sone
other explanation for the decline nust be sought. This does not
mean that a policy of increased use of sun screens would be
ineffective. The potential of such a policy is discussed in the
next section.

FOUNDATION OF A RISK ASSESSMENT POLI CY

The intensity hypothesis suggests that a policy is possible
which mght be very effective in reducing nelanoma. The primry
goal of the policy would be to Iimt exposure very carefully during
the period before the skin has a chance to develop its natural
def enses of thickenign of the stratum corneum and tanning. Si nce
t hese processes both take tine, this would inply either the careful
use of sunscreens or a significant limtation on activity during
a vacation taken by sonebody who starts exposure when natural
intensity levels are high or travels to a sunny area during the
W nter.

How nmuch mght such a prevention program be worth. No
strategy could probably return us to the results of the 1900 era.
There is sinmply too nuch intense radiation present in nodern
recreational activities and use of sun screens is unlikely to be

uni ver sal . However, it mght be reasonable to reduce risk by 60
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percent. The results of a policy wth this level of effectiveness
are illustrated in Table 12. Since we have a fairly detailed sense
of the death rate pattern for nelanona, the table |ooks at vyears
of life saved rather than reductions in nortality. The figures are
for a cohort group of 100, 000. The total reduction in melanona
nortality, in a given year, under steady state cohort behavior,
would be 368 I|ives per 100,000 nales, and 162 lives per hundred
t housand femal es. At currently typical white birth cohort sizes
of about 1.75 mllion each for nales and females, this yields a
total reduction of better than 9000 nel anoma related deaths. Total
associ ated incidence would be about four tines these |evels, giving
reduced incidence of about 36,000 cases. It should be enphasized
that these are long run nunbers and do not take account of whatever
is currently acting to reduce death rates. They do suggest that
a policy to noderate sun exposure habits has a very high potential

public health payoff.
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Tabl e 1la

Utraviolet Radiation Variation by Latitude

Latitude Cl ear Day Annual
DNA Wi ght ed DNA Wi ght ed
@) 5.45 1162.5
10 5.39 1181. 6
20 4.59 989.1
30 4.14 658. 0
40 3.31 370. 7
50 2.33 204.0
60 1. 67 124. 3
Table 1b

Clear Day W Radiation by Month

Mont h DNA Wi ght ed Erythema Wi ght ed
Jan 15 .25 31.0
Feb 15 . 50 57.9
Mar 15 1.01 108. 7
Apr 15 1.85 186. 8
May 15 2.51 246.5
Jun 15 3.14 299. 6
Jul 15 3.40 318. 3
Aug 15 2.91 274.6
Sep 15 2.03 196. 2
Cct 15 1.09 110.9
Nov 15 . 46 51.2
Dec 15 .24 28.9

Sour ce: Model based estinmates using satelite data on ozone
Units are not conparable.
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Tabl e 1c

W Radiation on July 15(C ear Day)

Time of Day DNA Wi ght ed Erythema Wi ght ed
6-6:30 am . 0055 .78
6:30-7 am . 0129 1.66
7-7:30 am . 0259 3.06
7:30-8 am . 0456 5.03
8-8:30 am . 0723 7.55
8:30-9 am . 1050 10. 53
9-9:30 am . 1419 13. 77
9:30-10 am . 1800 17. 05
10-10: 30 am . 2162 20. 10
10: 30-11 am . 2469 22. 66
11-11: 30 am . 2693 24.51
11: 30-12 am . 2811 25. 48
12-12:30 pm . 2811 25. 48
12:30-1 pm . 2693 24.51
1-1: 30 pm . 2469 22. 66
1:30-2 pm . 2162 20. 10
2-2:30 pm . 1800 17. 05
2:30-3 pm . 1419 13. 77
3-3:30 pm . 1050 10. 53
3:30-4 pm .0723 7.55
4-4:30 pm . 0456 5.03
4:30-5 pm . 0259 3.06
5-5:30 pm . 0129 1.66
5:30-6 pm . 0055 .78
6-6:30 pm . 0020 .30
6:30-7 pm . 0006 .09
Al | radi ati on val ues from radiative transfer nmodel

incorporating satelite mnmeasurenments of ozone.
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Tabl e 2a

Wavel ength Specific Estinmates
of Exposure Effects*

Mal es
Wavel engt h Coef fi ci ent Standard Error
295-299nm . 142 . 0104
300- 304nm . 148 . 0108
305-309nm . 153 . 0115
310- 314nm . 145 . 0125
315-319nm 112 . 0132
320- 324nm . 055 . 0139
325-329nm . 0014 . 0143
330- 334nm -.028 . 0143
335-339nm -. 044 . 0136
355-359nm -.064 . 0138
Femal es
295-299nm . 0817 . 0123
300- 304nm . 0871 . 0128
305-309nm . 0923 . 0135
310- 314nm . 0912 . 0144
315-319nm . 0765 . 0152
320- 324nm . 0458 . 0157
325-329nm . 0159 . 0158
330- 334nm -. 00090 . 0158
335-339nm -. 0106 . 0149

355-359nm -. 0204 . 0152
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Table 2b

Mul tiple Waveband

Mal e Femal e
295-299nm . 151 . 0709
(.0182) (.0219)
315-319nm -. 0255 . 0197
(.0197) (.0225)
295-299nm . 150 . 0804
(.0114) (.0136)
320-324nm -.0298 . 0012
(.0152) (.0176)
300-304nm . 166 . 0908
(.0124) (.0147)
320-324nm -.0472 -.0091
(.0158) (.0182)

* Al units have been converted to standard deviation form so that
coefficients can be directly conpared.
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Table 3

Age and Exposure Mdel Coefficients

Vari abl e Mal e Femal e

Coef St . Dev. Coef. St. Dev.
Const ant -3.99 . 118 -3.90 L 117
DNA expos. . 263 . 0125 . 188 . 0137
Age65 . 0730 . 0430 . 074 . 0405
Age60 . 146 . 0153 . 126 . 0162
Ageb5 . 154 . 00859 . 143 . 00874
Age50 . 155 . 00583 . 142 . 00597
Aged5 . 150 . 00523 . 140 . 00528
Age40 . 149 . 00493 . 138 . 00496
Age35 . 143 . 00480 . 139 . 00476
Age30 . 143 . 00469 . 139 . 00465
Age25 . 139 . 00463 . 132 . 00460
Age20 . 131 . 00462 . 126 . 00458
Agel5 . 125 . 00463 . 120 . 00460
Agel0 117 . 00467 117 . 00463
Age05 . 110 . 00469 . 111 . 00466
Age00 . 102 . 00473 . 107 . 00471
Age95 . 0962 . 00478 . 105 . 00475
Age90 . 0921 . 00480 . 100 . 00478
Age85 . 0837 . 00483 . 0928 . 00482
Age80 . 0806 . 00487 . 0920 . 00486
Age>32 . 0653 . 000817 . 0538 . 000882
Sum of Squares
Regr essi on 4273. 7 2655. 3
Error 200.7 153. 0
Tot al 4474. 4 2808. 4
About Mean 4199.7 2577.1

The agexx variables denote a variable which for cohort xx is

0 if Age < 7
age - 7 if 7 < Age < 32
25 if Age > 32
and 0 for all other cohorts. Cohorts are denoted by the last two

years of their median birth date and run from 1965 back to 1880
The Age>32 variable is 0 if Age < 32 and Age - 32 otherw se
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Table 4

Predicted Rates at Age 32

Median Birth Year White Ml es Wiite Fenal es
1865 . 146 . 238

1870 . 194 . 234

1875 . 222 . 311

1880 . 257 . 330

1885 . 309 . 313

1890 . 398 . 424

1895 . 419 . 441

1900 . 438 . 460

1905 . 553 . 494

1910 . 643 . 593

1915 . 907 . 693

1920* . 986 . 857
1925* 1.224 . 969
1930* 1. 555 1.109
1935* 1.482 1.116
1940* 1.509 . 998
1945* 1. 690 1. 051
1950* 1. 866 1. 155
1955 1.690 . 998

1960 1. 330 . 954

1965 . 800 . 807

1970 . 795 . 395

* denotes observed value for that cohort. O her values are

predicted from the nearest observed value and the average ratio
between age 32 and the observed value at that age
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Table 5

Popul ati on(Age 15-24) Wighted Measures of Exposure

Year DNA Exposure
1890 3.185
1900 3.201
1910 3.194
1920 3. 205
1930 3.212
1940 3.212
1950 3. 225
1960 3. 239
1970 3. 238
1980 3. 263
1985 3.276

* Data on population from US H storical Statistics and various
issues of US Statistical Abstract. U neasures are nean of SMBA
spectific neasures within each state.
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Table 6

Farm ng and Construction Enploynent

Year Tot al Far m ng Construction Per cent
1880 17390 8920 900 56.5
1890 23320 9690 1510 48.0
1900 29070 11680 1665 45.9
1910 37480 11770 1949 36.6
1920 41610 10790 1233 28.9
1930 48830 10560 1988 25.7
1940 56290 9575 1876 20. 3
1950 63377 9926 2364 19. 4
1960 71489 7057 2926 14.0
1970 84889 4596 3588 9.6
1980 108544 3705 4346 7.4
1985 117167 2941 4673 6.5

* Data from 1950 are not strictly conmparable to earlier data.
Data from 1880 to 1940 are from US H storical Statistics, US
Dept of Commerce, Washington DC 1975(Series D167, D170 and
D173). Data from 1950 to 1985 are from Econom c Report of the
Pr esi dent , Council of Econom c Advisors, Washi ngt on, DC,
1989( Tabl es B32, B43, and B98).
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Table 7

Per Capita Hours of Recreational Activity

Year Hour s
1900 4
1910 7
1920 20
1930 43
1940 59
1950 80
1960 116
1970 211
1980 272
1985 304

*Data through 1960 are adapted from O awson and Knetch, The
Econom cs of Qutdoor Recreation. From 1970 to 1985, they are
extended by conmputing an index based on visits to National
Parks, National Forests, State Parks, Personal Consunption
Expenditures for Gardening, and Travel to the Carribean and
South Anmeri ca.
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Table 8

Percent Participating in Vacation
Not at Wrk by Reason of Vacation
(annual average, 1000’ s)

Year On Vacation Per cent
1985 3338 34.2
1980 3320 36.7
1975 2815 35.4
1970 2341 33.1
1965

1960 1576 26.5
1955 1268 22. 7
1950 1137 21.5
1946 662 13.8

* Percent assunmes everybody counted during the year as being not
at work due to vacation is distinct and multiplys not at work by

12 to get an estinmate of total fraction of the work force which
takes a vacation.



Year

1948
1950
1955
1960
1965
1970
1977

Sour ce:
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Table 9

Househol d Ownership of

Tot al

54
59
70
77
79
82
84

US Historical
Facts and Figures,

1978.

Per cent
One Car

52
60
62
55
54
47.5

Statistics

Mot or

Vehi cl es

Per cent
Two or More

7
10
15
24
28
36.5

1948- 1970, Mbt or

Vehi cl e



Year

1890
1895
1900
1905
1910
1915
1920
1925
1930
1935
1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
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Tabl e 10

Access to Mbotor

Cars
(1,000 s)

0

0

8

77

458
2332
8132
17440
22973
22495
27372
25695
40191
51961
61420
74909
88775
106077
120866
129329

Tot al
(1, 000 s)

0

0

8

79

469
2491
9239
19941
26532
26230
32035
30638
48567
61949
72887
89090
106808
130919
153358
167342

Vehi cl es
Per
Capita

Coocoooooo0000Ce
'_\
\‘

House-
hol ds
(1, 000 s)

12690
14341
15992
17939
20183
22501
24467
27540
29997
31892
35153
37503
43554
47874
52799
57251
63401
71120
80776
86789

Per

PRPPEREPPPRPPRPOOOD00000OC00
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Table 11

Sales of Sun Protection Products
(Real 1988 $, 1,000,000’ s)

Year Tot al SPF > 8
Sal es Qunces Sal es Qunces
1960 85.6 57.1
1965 115. 8 77.2
1970 155. 3 103. 6
1975 193.9 129. 3
1980 238.9 159. 3 80.0 53.3
1984 249.0 189.5 103. 3 68. 9
Sour ce: I am indebted to Jim Mirdoch and Mrk Thayer for

providing the original data.
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Table 12

Potential Mortality Inpacts
of Reducing Acute Exposure

Mal es-1940 Birth Cohort

Age Basel i ne Reduced Di fference Expected Tot al
Mortality Mortality Lifetinme Add.
Yrs.
0-4 . 28 .07 .21 70.7 14. 85
5-9 . 26 .07 .19 65. 8 12.50
10- 14 .51 . 20 .31 60.9 18. 88
15-19 1.04 .42 . 62 56.1 35.01
20- 24 2.05 . 82 1.23 51.4 63. 22
25-29 4. 06 1.63 2.44 46. 8 114. 00
30- 34 8. 00 3.20 4. 80 42.2 202. 56
35-39 11. 27 4.51 6.76 37.5 253.58
40- 44 15. 77 6.31 9. 46 32.9 311. 30
45- 49 22. 39 8. 96 13. 43 28. 4 381. 53
50- 54 30.93 12. 37 18. 56 24.2 449. 10
55-59 42. 02 16. 81 25.21 20. 2 509. 28
60- 64 55. 68 22.27 33.41 16. 6 554. 57
65- 69 71.09 28. 44 42. 65 13.3 567. 30
70-74 85.72 34. 29 51043 10.5 540. 04
75-79 95. 00 38. 00 57.00 8.0 456. 00
80- 84 93. 35 37.34 56. 01 6.0 336. 06
85+ 75. 98 30. 39 45. 59 4.5 205. 15

Tot al 615 247 5025
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Table 12 Conti nued

Femal es-1940 Birth Cohort

Age Basel i ne Reduced Di fference Expected Total
Mortality Mrtality Lifetime Add.
Yrs.
0-4 . 26 .10 .16 77.4 12. 07
5-9 .24 .10 .14 72.5 10. 44
10-14 .45 .18 .27 67.6 18. 25
15-19 . 85 .34 .51 62.7 31.98
20- 24 1.57 .63 .94 57.8 54. 44
25- 29 2.92 1.17 1.75 53.0 92. 86
30- 34 5.40 2.16 3.24 48. 1 155. 84
35-39 6. 95 2.78 4. 17 43. 3 180. 56
40- 44 8. 89 3. 56 5.33 38.5 205. 36
45- 49 11.51 4. 60 6.91 33.9 234. 11
50- 54 14.63 5.85 8.78 29.4 258. 07
55-59 18. 43 7.37 11. 06 25.0 276. 45
60- 64 22.95 9.18 13. 77 21.0 289. 17
65- 69 28. 04 11. 22 15.12 17.2 289. 37
70-74 33.30 13. 32 19.98 13.6 271.73
75-79 37.81 15.12 22. 69 10.5 238. 20
80- 84 39.81 15. 92 23. 89 7.7 183. 92
85+ 36. 05 14. 42 21. 63 5.6 121. 13

Tot al 270 108 2924
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. Introduction

Previ ous epidemological studies [4,5,6,8] have established
an enpirical relationship between neasures of wurban air pollution
(the dose) and human illness (the response). The results from
these studies are interesting to policy analysts because they
can, in principle, be used to predict the inpacts of proposed air
pollution control policies on urban popul ations. These aggregate
dose-response predictions are credible to the extent that they
seem to confirm the association between air pollutants and
illness that has been found in clinical studies [2,7].

Nevert hel ess, the sensitivity or robustness of the predictions
from the estimted dose-response functions to alternative
specifications, datasets, and estimation strategies remains an
i mportant issue [2].

This paper addresses two nmnethodol ogical issues in estinating
air pollution dose-response functions. Both concern accuracy in
nmeasuring the air pollution dose.

The first involves the intracity variation in the pollution
data and the |ocation of respondents. Previous studies have not
assigned respondents different |ocation codes over the day. Yet
many people, especially those working, get a different dose
during the day, when conpared to the evening when they are at
hore. The dataset analyzed here facilitates a work and hone
assignment of air pollution to individuals within a city. Thi s
allows us to conpare the responses of individuals to air

pollution at their workplace with their responses to air



pol lution at hone. By nodeling nore of the variation in the
pollution data, we neasure the “real-world” dose; hopefully,
improving the accuracy of the estimates of the influence of air
pollution on human health.

The second issue concerns the intralocation variation in air
pol I ution. Since air pollution in an urban area can vary from

hour to hour, we hypothesize that the dose is nore appropriately

nodel ed as variable over a day. Even when an individual does not
change |ocations, he or she will experience different doses as
the air pollution varies from hour to hour. Therefore, the air

pol lution dose depends on where and when a person is exposed.
The air pollution doses used in previous studies have been based
on a periodic (either one year or two weeks) average. By
averaging the pollution data, the intraday variation in the data,
which may influence human health, has been ignored. This can
cause specification error bhias, owing to left out and incorrectly
nmeasured variables in the dose-response function.

The remainder of this paper is organized into four sections.
In Section Il, we present a brief review of the relevant
literature on estimating the relationship between air pollution
and human norbidity. The enpirical nodels, data, and basic
estimation nmethods are described in Section II1I. The results are
presented in Section IV, while the last section contains
concl udi ng renmarks.

1. Air Pollution and Mrbidity: Previous Studies

The design of this paper is nost closely related to the



studies by Ostro [4,5], Hausman et al. [3], and Portney and
Mul I ahy [ 6]. These authors use the Health Interview Survey
(H'S), an annual health survey of people in various |ocations

t hroughout the U S., to study the enpirical relationship between
air pollution and human norbidity. Morbidity is nmeasured by a
variable that reflects the changes in the normal activities,
owing to health inpairnents, of the survey respondents during the
2-week recall period of the H S Several pollutants are

anal yzed, including neasures of the atnospheric concentrations of
total suspended particulate (TSP), ozone, fine particulate, and
sul f ates. In addition to including several socio-econonmc and
weat her neasures in their nodels; these authors exam ne nunerous
subsanpl es based on sex, working status, and snoking status,
attenpting to hold constant as many confounding influences as
possi bl e.

In Gstro [4], the variation in the air pollution data cones
from the pooling of respondents from different cities. Doses
were neasured by the annual average of total suspended
particulate (TSP) and sulfates (SO4) and ignore the intrayear
and intraday variation in the pollution data. The norbidity
nmeasures reflect the nunber of “work loss days” (WD) and the
nunber of “restricted activity days” (RAD) that survey
respondents reported during the two-week recall period. The TSP
termis significant and has the expected relationship to RAD and
WD. The SO4 termis not significant, which may not be surprising

since SO is nore localized than TSP.



In his followup piece, Ostro [5] uses a Poisson distribution
to nodel the relationship between the nunmber of RADs and the
cont enporaneous (with the survey) two-week average of fine
particul ate. Fine particulate are estimated from airport
visibility and TSP dat a. The two-week average of fine
particulate is significant over several different sanples and
years.

Hausman et al [3] concentrate on WD and specifically
control for intrayear variation in pollution. Additionally, they
estimate nodels with alternative lags of the two-week (in
contrast to the annual) average of TSP, although no formal tests
to choose anong the specifications are presented. Like the Ostro
studies, intracity variation in the pollution exposure (within a
period) is ignored and the SO4 neasure is not significant.

Hausman et al provide sonme enpirical support for the Poi sson
specification; i.e., the pollution coefficients were robust when
t he Poi sson assunption that the variance equal the nean was
rel axed and when a fixed effects nodel was estinated.

Portney and Miullahy [6] estimate a Poi sson nodel with the
nunber of respiratory related RAD as the dependent variable and
various neasures of ozone and sulfates for the exposure
vari abl es. Portney and Millahy's ozone exposure mneasures are
probably better suited to test acute health effects because they
average over the daily maxi num of ozone during the two-week

recal |l period. Moreover, by matching respondents to the

pollution nmonitoring stations closest to their census tract (and
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within a 10 and a 20 mle radius of their census tract), Port ney
and Mil |l ahy analyze sone of the within city variation in the
pol l ution data. They find that the estimates for the ozone
coefficients do not vary greatly anmong these different assignnent
strategies, neaning that the intracity variation is not
enpirically inportant in their data. As in the aforenentioned
studies, sulfates do not performin an a priori_ expected manner.®
I11. Methodol ogy and Data

The methodol ogy and data used in this study were constructed
in order to exam ne the robustness of acute health predictions.
In particular, we propose to conpare the predicted health
responses from a “traditional” specification to specifications
where the pollution neasures and assignnents nore accurately
reflect real world exposures. This conparison exercise wll
provide information for policy nmakers as well as future research
efforts.

Define the followi ng notation:

H.

i £ the health response of individual i in time period t.

XI a vector of individual specific covariates.

V\{ = the weather in tine t.
PC]_H(L) = the pollution exposure experienced by i in time
period t. The exposure is a function of i s location (L)
over the time period.

Then,

Ho, = (X, w, PaL (L) (1)



is a hypothesized dose-response function.
To estimate a nodel like (1), requires data on IH : )I( : VY
and PC]_it(L) and a functional form for the nobdel. The necessary

data were obtained from a health survey, the \Wekly Wather and

Crop Bulletin, and the SAROAD system data tapes. The functional

form for the nodel was specified to be consistent with previous
st udi es.

The health survey data

During 1978-1980, GCeonet Technologies, Inc. administered a
health survey to the nenbers of 2,594 households in the greater
St. Louis area. Househol ds were enrolled in the survey in groups
of about eighty per week beginning June 4, 1978 and ending My
27, 1979. The respondents naintained daily logs of their
activities, locations, restrictions in activities, and the
reasons for any restrictions in activities. The logs were kept
over four two-week periods; thus, the dataset includes the
restrictions on activities and the locations for each respondent
for 56 days.

The structure of the survey also facilitated the collection
of extensive data on socioeconomc conditions, lifestyle choices,
work environnent, nedical care, and health.? A conplete
description of the data and the datafiles are available from the
aut hors upon request.

The appropriate measure of the health response depends on
the focus of the study. Here, we are particularly interested in

acute respiratory health responses. As an enpirical neasure of
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H|t’ we used the nunber of RADs reported by the respondent in the
time period, owing to a respiratory disorder or synptom (NRRAD; ).
Gven this type of limted dependent variable, a
reparaneterization of the Poisson distribution is a particularly
attractive statistical nodel for equation (1).

As shown el sewhere [6], the expected value of NRRADt under

t he Poisson nodel is given by

E(NRRAD ) = exp(X,8 + witz’ + POL,, (L)$) (2)
where the B, ¥, and & represent paraneter vectors that are
estimated via maxi mum |ikelihood nethods. Using equation (2), a
prediction for a small change in a P(]_i t(L) variable (or any
other) is a straightforward conputation.

The variables in XI shoul d include neasures on i’s age,
incone, |living arrangenents, working conditions, personal health
habits, and personal health status. Since an incorrect
specification of the Xi could bias the estimates of the
rel ationship between Hit and PC]_it(L), we included several
covari at es. Moreover, the data were |limted to people between
the ages of 16 and 65 who are non-snokers and working outside of
the hones

A brief description and sunmmary statistics of the XI
covariates, the weather covariates, and NRRAD are presented in
Tabl e 1.

Pol |l uti on Data

The pollution data were obtained from the U S. Environnental

Protection Agency's SAROAD system The data tapes contain hourly



observations, collected at 14 nonitoring sites, on nunerous
pollutants in the St. Louis Air Quality Control Region.* The
pollution data were matched to the survey respondents by tine, as
described below, and location vis-a-vis the nonitoring stations.
The respondents averaged about three mles from a nonitoring
site. The pollutants analyzed here, ozone and sul fur dioxide
(S2), were chosen for tw reasons. First, the data for these
two pollutants were collected at all of the nonitoring stations
over the time period of the health survey. For the other air
pol lution neasures, for exanple, total suspended particulate and
NO2, the data are not available for several weeks during the
survey period or they were not collected at each site. Second,
S2 tends to be nore localized than ozone. This contrasting
nature of the two pollutants provides a natural “laboratory” for
neasuring the appropriateness of our neasures and assignnments of
pol | ution.

The pollution neasures differ from the 4‘ and the QN because
an individual's exposure to pollution is not constant over t.
Pol lution exposure can varyas individuals change |ocations over
t he day. Even when an individual is stationary, their exposure
changes as the pollution varies over the course of the day.*®

In defining the measures of air pollution dose, our
objective was to preserve as nuch variation in the pollution data
as possible. The format of the health survey neans that, for
each enrollnment week, there are four associated two-week periods.

Since we used the survey data from weeks 1 through 41, there are
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164 two-week peri ods. However, wthin each two-week period, we
grouped the data into “day-tinme” observations (the hours 11:00 am
through 5:00 pm and “night-tine” observations (the hours 5:00 am
through 10:00 am and 6:00 pm through 12:00 pm).* The pollution
data were, therefore, initially grouped into 328 subperiods.
Each day-tine subperiod contains 98 observations, while the
night-tinme subperiods consist of 182 observations.

For each subperiod, we conputed the follow ng sets of
par anet ers:
(i) The nean and standard deviation. If the data are normally
distributed, then these paraneters fully describe the
distribution of the pollution.
(ii) The nean and standard deviation of the natural |ogarithm of
t he dat a. If the data are lognormally distributed, which nmay be
nore plausible than normality, then these parameters characterize
the distribution of the dose.
Also, to facilitate a conparison with previous nodels, the two-
week nmean and the average over the daily nmaxi nuns were conputed.

Two nethods were developed for investigating the sensitivity
of the dose-response function to the individual’s pollution
exposure. Both address the variability in air pollution doses.

The inpact of |ocations changes on pollution neasures

For an individual who lives in one location and works in
another, we are uncertain about the correct assignnent of the
pol I uti on dose. Wth the data anal yzed here, each respondent has

two location codes; a honme code and work code. The home | ocation
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pol lution, the work location pollution, or sonme conbination of
the two could seenmingly be used to assign pollution exposures to
t he individuals. Moreover, the pollution data reflect different
times of the day; thus, the hone code nmy be nore appropriate for
night-time exposures and the work code nore appropriate for day-
ti me exposures. Since we are uncertain about the correct
assignment, one possibility is to let the data determne it.

Let 8, be the fraction of the total exposure tinme to air

1l
pol lution experienced during the day at work. Simlarly, let ©

2
be the fraction experienced at hone during, our definition of,
the night-tine. Finally, let 91 be the fraction of exposure tine
experienced at hone during the day. W assune that 91 + ez + 93
= 1, inplying that all of the exposure is experienced in the
manner hypot hesi zed.

The ‘6°s, if assuned to be unknown, can be estinmated given
sone criterion. the correct mean exposure experience by a
respondent is a weighted average of the nmeans at each |ocation
for each tine period, where the weights are the 8°s. Let

WDPOLMJ = the nean of pollution calculated from the day-tine

data at the work | ocation code,

DPOLMJ = the nean pollution calculated from the day-tine
data at the hone |ocation code, and
NPOLMJ = the nean pollution calculated from the night-tine

data at the hone |ocation code.

Then,

POLAVE = BIWDPOLMU + BZDPOLMU + 93NPOLMU (2)
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is the weighted average pollution experienced by the respondent.
W use a grid search over the 8°s to find the set that maxim zes
the I|ikelihood function.

As reference points, we alternatingly let each of the 8°s
have a val ue of 1. Additionally, we assuned 112 hours of
exposure per week; 40 at work, 56 at honme during the night-tine
hours, and 16 at hone during the day-time hours. These
assunptions give el = 40/ 112, e8_, = 56/112, and B. = 16/ 112.

2 3
The inpact of intraday variation on pollution neasures

Sone intraday variation in the pollution data is captured by
using the day-time and night-tine neans. However, there does not
seem to be any theoretical reason for using the nean of the
pollution distribution to neasure the dose. In fact, a sinple
exanple illustrates that using the nmean inposes a |inear
restriction on the dose-response function. Assume that the
pol lution exposure for some individual is variously PO.1, POL2,
and PCOL3 over the tinme period. Let the probability of each |evel
occurring be f1, f2, and f3, respectively. Then, the nean equals
f1*POL1 + f2*POL2 + f3*POL3. Next, let the dose-response
function be linear in paranmeter space. Wite it as

H =6, + 5 (£1%POL1) + §,(£2*POL2) + §,(£3*POL3)

0
for some individual in sone time period. | f 61 = 62 = 63, t hen
using the nmean is equivalent to entering the probability
di stribution. On the other hand, different 8§°s would indicate

that a nean nodel incorrectly restricts the health response to

changes in average pollution; i.e., the response depends on _how
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t he nean changed. The problem with this nethod is that we have
no guidance on the nunber of &§°s to specify. Still, this type of
anal ysis may provide insights into the health response of
distributions of air pollution.
IV. Enmpirical Results

The inpacts intraday variability in Pollution exposures

In Table 2 we display the paraneter estimtes from several
nodel s. Only data from the first followup period was used to
estimate the paraneters. \Wiile the qualitative conclusions are
simlar for the second followup period, we could not
statistically pool the data from the first two periods. The
estimates based on the third and fourth period observations were
quite different‘ than those obtained from the first two. In
particular, npbst of the paraneter estimtes were sensitive to the
alternative specifications. This problem is apparently
synptomati ¢ of sone type of survey bias, perhaps because
respondents lost interest after the first two periods.

The specifications presented in Table 2 differ in the type
of pollution neasures entered. Several other independent
variables could be selectively entered into the specifications.
Those presented here are representative of the literature. The
pollution coefficients are not particularly sensitive to any of
t he neasures, except the seasonal dumm es and, the weather
vari abl es. Sel ectively dropping these variables can change the
sign of the pollution neasures in sone of the specifications.

The weather variables and the seasonal dummies are statistically
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significant in each specification, however.

The first specification represents a “traditional” air

pol lution dose-response function. The air pollution is assigned

to the respondents hone |ocation code. The variable |abels

represent average ozone (QZMJ) and average SQ2 (SOW), where the

average is computed using data from the entire day. Fourteen of

the eighteen coefficient estimates exhibit p-values of |ess than

. 05.

As in other studies using a sulfur-oxide term SOW has a

negative sign but is insignificant.

The remaining coefficient estinmates are renarkably stable

across different specifications. They show, all else equal,

t hat :

ol der respondents have fewer expected restricted activity
days due to respiratory synptons and disorders [E(NRRAD)],
years of education do not affect E(NRRAD),

the E(NRRAD) is lower for nmales,

respondents in higher incone classes have a |ower E(NRRAD),
respondents with good perceived health have a | ower

E( NRRAD) ,

previ ous snokers have a greater (or insignificant) E(NRRAD),
cooler tenperatures and nore rain increase E(NRRAD),

when respondents are exposed to irritants at work, E(NRRAD)
di m ni shes,

respondents who exercise regularly, reduce E(NRRAD), and
the greatest E(NRRAD) occurs during weeks 17-24, which is

from the end of Septenber to the mddle of Novenber.
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One of the nobst interesting estimates is the coefficient on EXER
If individuals can reduce their expected nunber of respiratory
related activity days by “expenditures” on regular exercise, this
may give analysts an avenue for assessing the benefits of a
cl eaner environnent.

Specifications (2), (3), (4), (5), and (6) illustrate the
i mpacts of using different assignment nethodol ogies (or weights)
for the pollution ternms. As indicated above, the actual dose is
hypot hesi zed to be sone conbination of the air pollution at hone
during the day (DOZLMJ and DSOLMJ), the air pollution at hone
during the night (NOQZLMJ and NSOLMJ), and the air pollution at
work during the day (WDQZLMJ and WDSCOLMJ) .

W used the nmean of the natural l|ogarithm of ozone and SQ2
(all variable end with “LMJ') because the |log of the data
appeared to be nore normally distributed than the levels; thus,
using the nmean of the logs is a better neasure of “the central
tendency in the data.®

The inpacts of changing the 8°s are dramatic on the
estimated coefficients for ozone and SQ2. In specification (2),
81 = 63 = 0 and 92 = 1. The respondents are assigned the nean
pol [ ution at ‘their hones conputed over the day-tine hours (11:00
am- 5:00 pm. The coefficient on DSOLMJ remains insignificant,
but becomes positive, and the likelihood function rises (the
negative falls) slightly. Since the maxi mum reading usually

occurred during this tinme interval, this specification is simlar

to [6], who used the average of daily maximns.
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The third specification shows that, when the respondents are
assigned a dose based on their hone |ocation pollution average
over the night-time hours (5:00 am - 10:00 am and 6:00 pm - 12:00
pm, the ozone influence remains stable and the SO2 coefficient
remains insignificant. The S2 coefficient estimate junps
noticeably in magnitude, however, and the likelihood function
continues to rise.

e1=1ancl 02=93=O in specification (4). The S2 term
is significant and of simlar size to the one exhibited in (3).
The coefficient estimate on the ozone term is also significant
and about the same size as the estimate in (2) and (3).

Specifications (5) and (6) show the inpact of non-zero 8°s.
The 8°s are constructed a priori in specification (5), while in
six they are estimated using a grid search. The log of the
i kelihood functions are the sane up to the second decimal point.
When conparing the coefficient estimates in (5) and (6) to the
estimates obtained with the other nodels, we see that the inpact
of the pollution ternms increases as the neasures approach “real
wor | d” exposur es.

The enpirical significance of the alternative nodels is
di splayed in Table 3. Predictions of the expected value of NRRAD
from each specification for one thousand identical individuals

are shown. The predictions differ by the, type of change in ozone

and SCp.
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A change in just ozone (Predict2) can change the prediction
on E(NRRAD) by from 1.928 per thousand to 10.671 per thousand; a
di fference of over 400% Simlarly, a change in just SO2
(Predict3) can change the E(NRRAD) per thousand from . 356
(or -2.393, using specification 1) to 9.246; over 2000%
Clearly, the choice of the pollution neasure can have a dranmatic
i mpact for policy analysts.

An_ analysis of non-nean nodels

As noted above, it is possible to test the nean
speci fication. Based on the nmean and standard deviation
estimates of the logged data and assum ng both pollutants were
lognormal ly distributed, we conmputed the probability that the
pol lutants would fall into various categories. For ozone, we
chose four categories; 0-5, 5.01-20, 20.01-60, and greater than
60. For SO2, we used O0-5, 5.01-10, 10.01-25, and greater than
25. The probabilities were conputed for each of the
di stributions used above (i.e., day-tine work, day-tine honme, and
night-time home) and then averaged using the maxi num |ikelihood
estimates for the 6°s. The specifications with the probabilities
entered as dependent variables did not significantly inprove the
nmodel . ®* This was true for both ozone and S, indicating that
the exposure tinme weighted nean nodel can not be rejected.
Evidently, the distributional aspects of the air pollutants are
adequately captured by specification (6) for the data analyzed

her e.
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V. Concl usi ons

The primary conclusion of this paper is that predictions
from alternative estimted dose-response functions differ
substantially, depending on how pollution exposures are neasured
and assigned to individuals. The exposure varies because
i ndividuals” locations and air pollutants are not constant
t hr oughout a day. Dose-response specifications that use a
wei ghted average of pollution experienced during the day at hone,
during the day at work, and during the night at hone
statistically outperform nore traditional nodels. Mor eover, the
wei ghted average nodels indicate that the pollutants adversely
affect human norbidity nore than traditional nodels.

Qur results indicate that sulfur-dioxide adversely affects
human heal t h. This finding is different from previous studies.
The apparent reason for the difference is our treatnent of the
variable nature of the pollution. This particularly appealing,
in the case of SO2, because SO is nore |ocalized than ozone.
Hence, too much aggregation in the pollution data would nmask the
strength of the influence. By disaggregating the data, we have,

hopeful Iy, uncovered the true relationshinp.
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Endnot es

1. Portney and Millahy find nonlinearities in the dose-response
function. The marginal responses to increases in ozone are greater
when equations are estimated wth the data reflecting higher
(greater than .05 pphm) ozone concentrations. They also find that
the elasticity of the expected value of the respiratory RAD is not
constant with respect to changing ozone as inplied by the sinple
poi sson distribution.

2. Survey respondents provided information on the nunber of visits
to a doctor, the travel tinme to the doctor, visits to energency
rooms, and other “cost” neasures. Gerking and Stanley [ ] use
these data to estimate a wllingness to pay for reduced air
pollution expression that is based on an averting behavior nodel
of consuner choi ce.

3. A statistical test indicated that the snokers could not be
pooled with the non-snokers using a dunmy variable to reflect
snoki ng st at us.

4. An independent benchmark, the Regional Air Mnitoring System
(RAMS ) data, was used to assess the quality of the SAROAD dat a.
The RAMS data, which were collected in the late 1970s, but not
during the time of the health survey, were subjected to extensive
gquality control and nore accurately neasure airborne pollutants.
During the time that both systens were operational, the ozone
readi ngs between RAMS and nonRAMS data exhibit zero order Pearson
correlations in the range of .3 to .6 for the hourly data. These
correlations inprove substantially as the data are aggregated to
the daily and weekly level. Hence, there is every reason to expect
that our use of the SAROAD data over a two-week period accurately
nmeasures the air pollution dose.

5. W did not nodel the weather as changing over the course of
the day. It probably should be. However, the nethodol ogy proposed
here facilitates a conparison to previous studies.

6. W& conputed Chi-square tests of distributional independence for
all possible aggregations of the daily data by nonitoring station.
In the vast mgjority of cases, we cannot reject the hypothesis that
the 11 am- 5 pm data cone from the sane distribution. Simlarly,
we cannot reject the hypothesis that the 5 am - 10 am and 6 pm -
12 pm data conme from the sane distribution. The hypot hesis that
all the daily .observations are generated by the same distribution
was rejected in nost cases, however.

7. The p-values are based on the variance-covariance matrix
conputed directly from the maxi mum |ikelihood estinmates. They do
not reflect a correction like in [6] or [3].
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8. To identify the appropriate distribution of the data, we
estimated the “transforned” nmean and standard deviation and the
transformati on paraneter. These paraneters are based on the
power nor mal di stribution, which utilizes the Box-Cox power
transformati on. The Box-Cox transformation facilitates a test
between normal and |ognornmal distributions. In the majority of

cases for SO2, the lognormal distributional assunption could not
be rejected. Wth respect to ozone, we found that, wusually, both
the normal and | ognormal distributions could be rejected. However,
the transformation paraneter was closer to O ( indicating
| ognormal ), than to 1.

9. W tested the probability nodel three ways. Firstly, by
entering the probabilities for just ozone. Then, by entering the
probabilities for just SO, and, finally, by entering both. None
of the Chi-squares, conparing twice the difference in the 1|og
i kelihood val ues, indicated rejecting the |linear constraint
i nposed by the nmean specifications



Table 1.
Variabl e Descriptions and Sunmmary Statistics
Non- smokers, First Fol |l ow up Period.
(Coservations = 5975J

Vari abl e Description Mean St Dev. M ni mum Maxi mum
AGE Age in years 38. 88 13. 37 18 65
EDUC Years of school 13. 32 2.93 0 24
SEX 1if male .49 .50 0 1

WHI TE 1if wiite .18 .43 0 1

| NCOVE I ncome category 6. 06 1.48 1 8
PHEALTH 1 if perceived health good .93 .30 0 1
PSMOKE 1 if previous snoker .18 .39 0 1
TEMP Average tenperature 60. 40 20. 84 13 83
RAI'N Average rainfall .63 .57 0 2.15

| RR 1if irritants at work .34 AT 0 1
EXER 1if exercise regularly J11 231 0 1

S1 1if weeks 1 - 8 . 26 .44 0 1

S2 1if weeks 9 - 16 .30 .46 0 1

S3 1if weeks 17 - 24 .13 .34 0 1

4 1if weeks 25 - 32 17 . 38 0 1
NRRAD Number of respiratory related restricted activity days during follow up

period two.
Frequency for NRRAD

Val ue of NRRAD Frequency

0 558
1 39
2 9
3 7
4 6
5 2
6 3
7 4
8 1
9 0
10 0
11 1
12 0
13 0
14 0

Mean = . 241



Table 2.
Alternative Coefficient Estimates of the Dose-Response Function
Dependent Variable = NRRAD

Variable (1) (2) (3 (4) (5) (6)
AGE -.033* -.032* -.036* -.030%* -.034% -.033»
EDUC -.018 -.024 -.015 =-.024 -.021 -.022
SEX -.083% -.121 -.048 -.118 -.060 -.074
WHITE L617* .676% .798%* .734% . 704%* .692%
INCOME -, 203* -.199% -.188* -.164% -.192% -.191%
PHEALTH 1. 146 1.266%* 1.201* 1.326%* 1.268% 1.284%*
PSMOKE L219% .238 .181 .129 . 185 .188
TEMP ~. 054> -.042% -.038%* -.037* -.040%* -.041%
RAIN .853% .957%* .716* .956%* .982% 1.031*
IRR -,302» -.319» -.214 -.273 -.229 -.245
EXER -.888% -.863* -, 800> -.819* -.854%* -.861%
S1 =2.441% -2.681* -2.321* -2.536% -2.867* ~2.941%
S2 1.318* .773 1.421* .796* .853* . 719%
S3 1.565% 1.268* 1.575* 1.107* 1.516* 1.446%
S4 .841* 1.036* 1.057* 1.086* 1.410* 1.424%
0ZMU .037%

SOMU -.028

DOZLMU .951*

nDsoLMU . 065

NOZLMU .989*

NSOLMU 407

wDOZLMU .905*

wDSOLMU : 367

OZLAVE1l 1.692*

SOLAVE1 .587%

OZLAVE2 1.708*
SOLAVE2 571>
CONST 1.043 =2.442% -2.858* «3.568%* =5.560%* =5.705%
0, na 0 0 1 40/112 4
92 na 1 0 0 56/112 .G
93 na 0 1 : 0 16/112 .2
-L like 270 269.5 268.8 269.4 264.5 264.5

*Indicates that the p-value is less éhan .0S.



Tabl e 3.

Predicted Reductions in the Expected Value of NRRAD
Per 1000 People by Specification

(1) (2) (3) (4) (5) (6)

Predictl . 637 2.197 14.294 5.418 16. 351 12. 940
Predict?2 2.290 1.928 8. 188 3.089 10.671 8. 546
Predict3 -2.393 . 356 8.119 3.022 9.246 7.186

Notes: The predictions are based on the following initial values: AGE=40, EDUC=12, SEX=1,
WHI TE=1, | NCOVE=6, PHEALIH=1, PSMOXKE=0, TEMP=70, RAIN=.5, |RR=0, EXER=0, S1=1, S2=0, S3=0,
and S4=0. The initial value for ozone is 40, while the initial value for SO2 is 20. The
predictions are per 1000 people, where:

Predictl is based on reducing ozone to 30 and SQ2 to 10,
Predict2 is based on reducing ozone to 30 and maintaining SQ2,
Predict3 is based on reducing SO2 to 10 and mai ntai ni ng ozone.
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Abstract

This study develops a nethodology for neasuring the val ues
that individuals place on norbidity risk reductions and applies
it to the neasurenent of the benefits from reducing the risks of
contracting chronic bronchitis. The survey nmethodol ogy involves
the use of an iterative conputer program that presents
respondents with a series of pairwi se conparisons which are
individually designed to neasure respondents’ marginal rates of
substitution for chronic bronchitis risk reduction. The approach
is innovative in that it measures the rates of trade-off for
chronic bronchitis risk reduction in terms of the risk of an
autonmobil e accident fatality, as well as in dollars. Since it
generates estimates for each individual, it can reveal
di stributions of benefit nmeasures rather than sinply a population
nmean estinmate. The resulting rates of trade-off for chronic
bronchitis and auto fatality risks suggests that the risk of a
chronic bronchitis case is worth 32% of the conparable risk of
death, as neasured by the nedian trade-off rate. When ri sk
reduction for chronic bronchitis is conpared to a cost of living
increase, the nedian rate of trade-off is $457,000, whereas the
conparison between autonobile fatality risk reductions and cost
of living increases yielded a nmedian rate of trade-off of $2.29
mllion. The results across different risk-risk and risk-dollar

trade-offs were internally consistent.



1. I ntroduction

Over the past decade econonists have devoted substantial
attention to the inplicit valuation of health outcones. These
anal yses of risk-dollar trade-offs have relied in large part on
mar ket - based data.l For exanpl e, wage-risk trade-offs have been
used to analyze the inplicit value of fatalities and the average
nonfatal job accident risk. Simlarly, economsts have analyzed
the trade-offs inplied by seat-belt usage decisions to infer a
value of life.?

Al though studies using market data provide useful benchmarks
for health risk valuation, they do not resolve the issue of how
governnent agencies should attach benefit values to health
outcones for which we do not have good narket data. This
omssion is particularly inportant for government agencies, such
as the U S. Environnental Protection Agency (EPA), which
generally focus on policy contexts in which market forces are
believed to not be fully effective. For these situations, no
useful market trade-off data may be avail able. Nevert hel ess,
econom ¢ analysts would like to select the efficient project mx,
and sone benefit nmeasure is required to perform such an analysis.
In recent years, a large nunber of studies have addressed these
benefit issues using non-market techniques, thus greatly
expanding the range of benefit conmponents that can be valued.?3

This study nakes several contributions to the literature on
non- market techniques for benefit valuation. First, we develop a
net hodol ogy for neasuring the benefits of reducing the risks from

various types of norbidity effects. The nethodol ogy uses an



iterative computer program to ascertain the points of

indifference for consumers who are asked to trade off the reduced
norbidity risk with increases in other attributes of a location
deci sions, such as an area’'s cost of living and the risk of an
aut onobi | e fatality.4

Second, we apply the methodology to an inportant health
benefit valuation problem that of estimating the value of
reductions in the risk from chronic bronchitis, one central type
of chronic obstructive pulnonary disease alleged to be a ngjor
adverse effect of ozone pollution exposure. Most  previ ous
studies of health valuation focus on acute health effects, such
as accidental death, rather than chronic diseases whose effects
are nore difficult to conmunicate to potential victims.>

Third, our approach yields the entire distribution of
consuner values for chronic bronchitis risk reduction, rather
than just the mean valuations which can be derived from market-
based approaches to the problem This information is inportant
for policy mekers in situations where consuners place. wjdely
di vergent values on reducing risk.

Fourth, because chronic disease effects are difficult to
comuni cate to potential sufferers, jt is inportant to use a
nmet hodol ogy that adapts to whether subjects understand the
val uation task being asked of them By adninistering the
guestionnaires interactively on a conputer, our approach allows
us to build in several tests of task conprehension that, if

failed, provide additional information before proceeding with the

guestionnaire.



Finally, our nethodology produces values for norbidity risk
reduction in terns of trade-offs wth several other netrics
besi des noney. In our chronic bronchitis application, we neasure
trade-offs wth the risk of autonobile fatalities, as well as
with a dollar neasure derived from changes in the cost of |iving.
Many policy-makers are hesitant to base decisions on benefits
denom nated in dollars, and they may be nore willing to
inplicitly consider benefit values when neasured in units of a
conmon risk such as death. Converting all health outcones into
death risk equivalents facilitates cost-effectiveness analysis by
calculating the cost per statistical |life equivalent saved, and
it addresses concerns with respect to dollar pricing. Even if
the norbidity valuations are elicited in terns of trade-offs
between risks, they can still be converted into dollar values by
usi ng hedonic neasures of the value of the conparison risk if
that conparison risk is death (with the appropriate application
of sensitivity analysis to the assunmed values of life used to
make the translation).

There are reasons to suspect that consuners nay have fewer
difficulties with the task of specifying rates of trade-off of
one risk with another, as opposed to trading off a risk with a
certain dollar anount. The risk-dollar trade-off task sonetines
produces alarm st responses from subjects who cannot envision
that they would voluntarily subject thenselves to a higher risk
of a serious norbidity effect for a finite anobunt of additional
inconme. & Dollar valuation tasks also are difficult to design in

ways that subjects will find analogous to real choice situations,



and they may offer biased responses to questions that do not
force them to pay for the risk reduction being val ued. There is
a final reason to prefer the risk-risk trade-off approach. To
the extent that consuners are equally adverse to the risks from
different types of risks, asking them to trade off one risk
agai nst another produces rates of trade-off which neasure the
relative value to them of the two risks without regard to the
risk aversion which enters in trading off uncertain health risk
with certain dollars. In this sense the risk-risk trade-offs
provide values which are not as heavily influenced by the
consuners’ attitudes towards facing risks per se.

The outline of this paper is as follows. Section 2 provides
an overview of the study design and the sanple. Section 3
describes the risk-risk trade-offs whereby respondents put their
chronic norbidity valuations into auto death equivalents. 1In
Section 4 we describe the direct estimates of risk-dollar trade-
offs for chronic bronchitis obtained by asking respondents to
trade off chronic bronchitis risks with either the area’ s cost of
l[iving or property damage from stornmns. As a check of the
validity of the approach, we provide evidence on auto fatality
risk-dollar trade-offs in Section 5. These inplicit value of
life nunbers are tested against those in the literature to assess
the valibity of the survey approach. In Section 5 we also
convert all of our results for the value of chronic bronchitis to

dollar equivalents. Section 6 concludes the paper.



2. Study Design and Sanple Description
General Approach

W used a sanple of 593 shoppers from a blue-collar mall in
G eensboro, North Carolina to nmeasure wllingness-to-pay values
for reducing the probability of contracting chronic bronchitis.
The subjects made four series of pairw se conparisons of
different locations where they could live with the |ocations
differing in two attributes. In nost of these conparisons, one of
the locational attributes varied was the probability of
contracting chronic bronchitis.

The first series of questions yielded a rate of trade-off
bet ween decreases in the risk of chronic bronchitis (CB) and
increases in the risk of an autonobile fatality, thus providing
what we call a “risk-risk” trade-off. The second series of
questions determined a “risk-dollar” trade-off, where the
reduction in the risk of CB was achieved at the expense of a
location with a higher cost of Iiving.

If subjects were found to nore easily trade off a reduced CB
risk with a higher auto fatality risk than with a cost of Iliving
increase, we wanted to sort out whether this result was due to
the fact that the cost-of-living differences were neasured in
dollars or that they were given with certainty (that is, with no
risk involved over dollar ganbles). Thus , our third series of
guestions asked subjects to trade off reductions in the CB risk
with increases in a lottery on dollar |osses expressed as a risk
of storm danmge, where if a storm were to occur, it would cause

$2,000 of damage to the subject’s home and belongings. Finally,



in order to conpare the CB risk--auto fatality risk trade-offs

wth the risk-dollar trade-offs, it was useful to obtain a dollar

nmeasure of the value of reducing the risk of autonobile
fatalities. This fourth series of questions provided a rate of
trade-off of risk reduction in autonobile fatalities to increases
in a location's cost of Iliving.

The results from these four series of questions allows us to
address the follow ng questions:

* \What is the distribution of CB risk--death risk trade-offs?

* \VWat is the distribution of CB risk-- (certain) dollar trade-
of fs?

* \Wat is the distribution of CB risk-- (uncertain) dollar trade-
of fs?

* \Wiich of these three trade-offs is easier to elicit accurately
from consuners?

* \Wat is the distribution of death risk--(certain) dollar
trade-of fs?

* How does the distribution of CB risk-- (certain) dollar
trade-offs conpare with the distribution of CB risk--dollar
trade-offs derived from conbining the CB risk--death risk
trade-offs with the death risk--(certain) dollar trade-offs?

* How does the distribution of CB risk-- (certain) dollar trade-
offs conpare with the distribution of CB risk--dollar trade-
offs derived from conbining the CB risk--death risk trade-offs

with the values of I|ife derived from wage hedonic studies?

It should be noted that the first question is the nobst

important one to answer because it addresses the use of an



alternative netric to dollars for neasuring norbidity risk
willingness-to-pay values, that of another health risk, nanely
deat h. For cost-effectiveness purposes, it is not necessary to
go beyond the death risk netric, as alternative policy
initiatives can be conpared on the basis of this netric rather
t han doll ars. However, if the CB risk values measured in death
risk units translate closely to the direct dollar valuations of
reducing CB risks that we obtain, policy nakers can be nore
confident in the reasonabl eness of the risk-risk valuations.

In order to understand our enpirical results that allow
responses to the questions above, it is first necessary to

carefully describe the design of the survey and sanple.

Met hodol ogy

The task of eliciting individuals’ valuation of chronic
bronchitis is not straightforward. The first problem is that few
individuals fully understand the health effects of chronic
bronchitis. Second, once given this information, they may not
have sufficient experience in dealing directly with such trade-
offs to give neaningful valuation responses. To accommodat e
these difficulties, we developed an interactive conputer program
that would inform consuners as well as elicit trade-off
i nf ormati on.

Three different questionnaires were used, but for
concreteness let us focus on what we wll designate Questionnaire
A, After acquainting the respondent with the computer, the
program elicits information regarding the respondent’s personal

characteristics (e.g., age) . A substantial portion of the



questionnaire (about 40 questions) is then devoted to acquainting
the respondent with the health inplications of chronic bronchitis
and the nature of the trade-offs that would be encountered.

These questions elicit the respondent’s famliarity with chronic
bronchitis, information on snoking history, and provide a
detailed summary of the health inplications of chronic
bronchitis.

The thirteen principal health inplications of chronic
bronchitis are summarized in Table 1. The chronic bronchitis
di sease classification includes a variety of illnesses of
differing severity. Qur intent was not to value each possible
conmbi nation of systens, but rather to establish a nethodol ogy
that could be used to value this and other adverse health
ef fects. Consequently, our valuation procedure pertains to the
set of synptons summarized in Table 1, but the broader purpose of
our analysis is to develop a nethodol ogical approach that is nore
generally applicable to other patterns of chronic bronchitis, as
well as to different diseases such as cancer.

Since chronic bronchitis takes many fornms, this study
focused on the nost severe chronic norbidity effects. ? Thus, the
survey’'s focus is on the adverse health outconmes at the extrene
and of the cluster of diseases within the chronic bronchitis
gr oupi ng. Because a quick overview of these effects may not be
fully conprehended by respondents, in each case subsequent
guestions ascertain the respondents’ assessed disutility ranking
of each outcone in a linear 49-point scale. The purpose of these

gquestions is not to establish attribute-based utilities, but to



10.

11.
12.
13.

Table 1

Health Inplications of Chronic Bronchitis
Living with an unconfortable shortness of breath for the
rest of your life.
Being easily winded from clinbing stairs.
Coughi ng and wheezing regularly.
Suffering nore frequent deep chest infections and pneunonia.

Having to limt your recreational activities to activities
such as golf, cards, and reading.

Experiencing periods of depression.
Being unable to do the active, physical parts of your job.
Being limted to a restricted diet.

Having to visit your doctor regularly and to take several
medi cati ons.

Having to have your back mldly pounded to help renove
fluids built up in your Ilungs.

Having to be periodically hospitalized.
Having to quit snoking.

Having to wear a snall, portable oxygen tank.
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encourage respondents to think carefully about the health
inmplications of chronic bronchitis and their own view of the
effect of this disease on their well-being.

At this point in the questionnaire, the respondents confront
the first of two set of trade-off questions. I ndividuals are
presented with a choice of noving to one of two alternative
| ocations which differ in terns of their chronic bronchitis risk
and autonobile accident risk. To ensure that respondents would
be willing to consider nmaking such a nove at all, they were told
that these two locales posed a lower risk of both outcones than
their current place of residence.

Since risk levels differ across individuals, the program
elicits information regarding individual activities that are
likely to influence their person-specific risks, such as snoking
habits (for chronic bronchitis) and mleage driven per year (for
auto accident deaths). The program then inforns the respondents
that the probabilities presented in subsequent questions are
cal culated based on their responses to the earlier risk-related
activity questions, even though the same risks are actually
presented to all subjects.8 This procedure increases the extent
to which the stated risk levels are taken at face value, while
facilitating the conparison of risk trade-offs across subjects
because they all responded to the sane risks.

To ensure that respondents understand the task before
proceeding to questions in which one location is lower in one
risk but higher in the other risk, they are first presented wth

a dom nant choice situation. Let the notation (x,y) denote a
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| ocale where the chronic bronchitis probability is x/100,000 and
the autonobile death risk is y/100,000. The actual survey did

not present the choices in such abstract terns, but this notation
makes the exposition of the survey structure sinpl er.9

To ascertain whether respondents understand the task, they
are first asked whether they prefer Area A with risks per 100, 000
popul ation of (75, 15) or Area B with risks (55 11). Since each
of the Area B risks is lower, this alternative is dom nant.
Respondents who do not conprehend the task and incorrectly answer
that they prefer Area A are sent through a series of questions
that explain the structure of the choice in nore detail.

The performance with respect to the dom nance question was
quite good. Over four-fifths of the sanple gave a correct
response to the dom nance questions on their initial attenpt.
After being given additional information, fewer than one percent
of them gave an incorrect answer, and these respondents were
excluded from the sanple since they did not understand the
interview task.

The program then proceeds with a series of pairw se
conparisons in which the attributes are altered based on the
previous responses until indifference is achieved. The conputer
program used tabular summaries, but for expositional purposes we

will consider the abstract fornulation of the trade-offs.

A I f t at e- ndent iliti
Consider the following nodel of state-dependent wutilities.
Let subscript a denote Area A and b denote Area B. Al so, et

W CB) be the utility of a case of chronic bronchitis, WD equal
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the utility of an auto accident death, and UH) equal the utility
of being healthy (i.e., having neither CB nor an auto accident)
To sinplify this exposition, we assume that contracting CB and
dying from an autonobile accident are nmutually exclusive events.
Also, let X, denote the probability x/100,000 for Area A and Y,
denote the probability y/100,000 for Area A and let x, and y, be
defined simlarly. The survey continually nodifies the choice

pairs until subjects reached the situation where

(1) XaU(CB) + Y, U(D) + (1 = X - Y, )UTH)

= X U(CB) + Y U(D) + (1 - X = Yp)U(H).

Qur general objective is to establish the death risk
equi val ent of chronic bronchitis. If we assune for concreteness

that Xz > Xp and Y, > ¥, (no loss of generality), then

(2)  (Xa = Xp)U(CB) = (¥y = Y,)U(D) + (Xy = Xp + Y = Yp)U(H),

or
Y=Y Yy.~Y ’
(3) U(eB) = =2 u(D) + (1 - —3yu(H)
Xa-Xb Xa'xb

If we define the rate of trade-off between CD and D as t,, SO
t hat

Yp=Ya

’

Xa-Xb
we obtain the result that

(5) U(CB) = t,U(D) + (1 = t1)U(H)
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The utility of CB cases has been transformed into an equival ent
lottery on life with good health and death, for which we have a

wel | -devel oped literature.

Survey Structure

Now consider the first set of paired conparison questions
presented in Questionnaire A after the dom nant choice question
descri bed above. In this case, respondents are given the choice
between Area A with risks (75, 15) and Area B with risks (55,
19). Suppose that Area B is preferred in this exanple. Area B
has the lower chronic bronchitis risk and higher auto accident
risk; therefore, in subsequent questions the program raises the
CB risk in the preferred Area B until indifference is achieved.
If in the original choice the subject prefers Area A in
subsequent questions the program lowers the auto death risk in
Area B until the point of indifference is reached.

Suppose that after considering a series of such conparisons
the subject reaches indifference where he views the risk (75, 15)
as being equivalent to (65, 19). Using equations 4 and 5 above,

this would inply that

and

WCB) = 0.4U D + 0.6UH).

The second set of paired conparison questions in
Questionnaire A focuses on the nore traditional risk-dollar

trade-of f involving CB and cost of 1iving. Area A has the sane
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cost of living as the respondent’s present residence, but Area B
has a cost of living that is $80 higher, yet poses a |ower CB

risk Xy. If in the initial question Area B is preferred, Area

Bs CB risk is increased until indifference is achieved.
Simlarly, if Area A is preferred, Area B's cost of living is
reduced until reaching the point of indifference.

In the context of a state-dependent wutility function wth

two argunents, health status and inconme, we have
XaU(CB) + (1 = X,)U(H) = X, U(CB,-$80) + (1-X,)U(H,~$80).

If wutility functions are additively separable in noney and

heal th, then
XaU(CB) + (1 - Xa)U(H) = XbU(CB) + (l-Xb)U(H) + _U(-$80),

which sinplifies to

(X, - X )U(CB) = U(-80) + (Xz = Xp)U(H),

or
U(-$80)
U(CB) = ——— + U(H).
(X3=Xp)
If we assume that wutility is linear in noney (with a coefficient
equal to one) in establishing our health valuation scale, then we

have
weB) = -L + UH),

i.e., CB is equivalent to being healthy and suffering a financial

loss tantanmobunt to L dollars, where
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-$80
L = .
Xa=Xp

This procedure to establish a risk-dollar trade-off rate
invol ves two assunptions regarding the structure of wutility
functi ons. First, we assune additive separability wth respect
to noney and heal th. Second, we assunme that the dollar
magni tudes treated are sufficiently small that utility is
approximately linear in noney. Since even risk-averse utility
functions neet this test for snmall nonetary changes,lO we
selected our health-risk levels so that the dollar nagnitudes
i nvol ved be snall.

The structure of Questionnaire B is simlar to Questionnaire
A except the certain $80 loss in terns of living costs has been
replaced by a lottery on $2000 storm damage | oss. In this case
respondents nust specify the storm damage probability that
establishes an equivalent CB-storm danage pair. I'f we assune
that respondents are risk-neutral, then the storm damage |oss can
be replaced by its expected value. The possible advantage over
the cost-of-living approach is that respondents may be able to
make nore neaningful conparisons of two different lotteries
rather than having one attribute -- the dollar payoff -- being
non- st ochasti c. As with the first set of questions in
Questionnaire A, if the consuner prefers Area B in the initial
question, the program |eads the consunmer to indifference by
increasing the CB risk of Area B until indifference is achieved.

Simlarly, when the consunmer initially prefers Area A the
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program reduces the storm damage risk in Area B until reaching
the point of indifference.

Questionnaire C repeats the first part of Questionnaire A
and these sanples are pooled in the analysis bel ow The second
set of questions addresses the nore traditional death risk--
dollar trade-off using auto deaths and cost-of-living trade-offs.
The structure is simlar to that of the second set of questions
in Questionnaire A except that CB has been replaced by auto

fatality risks so that respondents nust reach the point that

WD = -L+ UH,

wher e
-80

L + ——
Xa~Xp
as before. This portion of the study provides a direct
conparability test with the literature on market-based values of
life. The fatality risk--dollar trade-offs will also be used in
conjunction with the chronic bronchitis--fatality risk trade-offs
to establish a chronic bronchitis--dollar trade-off rate.

Table 2 summarizes the structure of the 3 questionnaires

descri bed above.

Sanpl e Description

The interviews of the subjects were all done through an
interactive conputer program thus avoiding problens of
interviewer bias and pronoting honest revelation of preferences.

Response rates to sensitive questions, such as incone |evel, were



Questionnaire A

Trade-O f

1. Chronic bronchitis -
aut o deaths

2. Chronic bronchitis
cost of living

Questionnaire B

1. Chronic bronchitis
storm damage

Summary of

Table 2

Survey Structure

Units of Measurenent

Auto deaths per chronic

bronchitis case

Dol I ar val ue per
1/ 100, 000 reduced
risk of bronchitis

Reduced probability of
$2000 storm damage
that is equivalent to
one bronchitis case
prevent ed

17

Pr ocedure

In the area with the
hi gher auto accident
risk, increase the
bronchitis risk (to
meke that area |ess
desirable) or reduce
the auto accident
risk (to make that
area nore desirable)
until reaching in-

di fference.

n the area with

| ower bronchitis
risk, increase the
bronchitis risk (to
make that area

| ess desirable) or
decrease the cost of
living (to nake that
area nore desirable)
until reaching in-
di fference.

n the area with the
hi gher storm danmage
risk, increase the
bronchitis risk (to
meke that area |ess
desirable) or reduce
the storm damage
risk (to make that
area nore desirable)
until reaching

i ndi fference.



Table 2 (cont’d)

Summary of Survey Structure

Questionnaire C

1. Chronic bronchitis - Auto deaths per chronic In the area with the
auto deaths bronchitis case hi gher auto acci dent
risk, increase the
bronchitis risk (to
(Sane as Questionnaire A - Part 1) meke that area |ess

desirable) or reduce
the auto accident
risk (to make that
area nore desirable)
until reaching in-
di fference.

2. Auto accidents - Dol | ar val ue per In the area wth
cost of living 1/ 100, 000 reduced | ower auto accident
risk of an auto risk, (to make that
acci dent area |ess desirable)
or decrease the cost
of living (to make

that are nore
desirable) until
reaching indif-
f erence.



much higher than those usually achieved with face-to-face

i ntervi ews. In addition, subjects were not concerned wth

whet her their responses inpressed the interviewer. Use of a
conputer also nmade it possible to ask a sequence of questions to
ascertain the appropriate marginal rates of substitution.

The sanple was recruited for the study by a professional
marketing firm at a mall intercept in Geensboro, North Carolina.
This locale has a representative household mx and is used as a
test marketing site for many national consumer brands. This firm
and | ocale have been used successfully in two previous studies by
the authors. 11 Use of such a consumer sanple also yields nore
reliable responses to issues such as the valuation of property
damage from storns than would a student sanple or a sanple from a
city with an unrepresentative population, such as the college-
oriented cities of Evanston, Illinois, or Chapel HIl, North
Carol i na.

Table 3 provides a glossary of the variables and the
associ ated sanple statistics. Questionnaires A and C had a
simlar mx of respondents, wth a nmean age in the low thirties.
a even split between nales and fenales, two years of college
education, a 50 percent married rate, about 0.6 children under 8
years old, a household size of 2.7 - 2.8, and a household incone
in the md-range of thrifty to forty thousand doll ars.
Questionnaire B has a sonmewhat different mx because of the
difference in the tines at which the sanples were recruited
(e.g., week-end shoppers differ from day-tine weekday shoppers).

The Questionnaire B sanple is about 10 years older, nore likely



Table 3

Summary of Sanple Characteristics

Mean and Std. Deviations

Questionnaire

Denogr aphi ¢
Vari abl es A B c
AGE, in year 33.74 43. 47 33. 07
(12. 42) (12. 68) (11. 66)
MALE, sex dummy 0. 50 0.42 0.51
vari abl e
EDUCATI QN, years of 14.02 14. 32 13.79
school i ng (2.23) (2.47) (2. 66)
MARRI ED, narried 0.49 0.79 0. 49
dummy vari abl e (0.50) (0.41) (0.50)
KIDS, nunber of 0. 56 0. 83 0. 65
children under 8 (1.00) (1.04) (1.07)
HOUSEHOLD, nunber of 2.71 3.00 2.80
people in household (1.25) (1.16) (1.23)
| NCOVE, annual 35, 386. 60 45, 367. 65 37,153. 85
househol d incone (19, 009. 95) (20, 335.54) (21, 333. 80)
in dollars

194 204 195
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to be married, and with a household income about $10,000 greater.
As the last row of Table 3 indicates, e€ach of the three sanples
had about 200 respondents, W th conbined sanple for the study of
593.

3. R sk-Risk Trade-Ofs

Table 4 displays the neans and standard deviations of the
trade-off rates inmplied by the indifference points of the subject
responses. To go beyond these summary statistics, consider first
set of trade-offs between CB and auto accident deaths. For this
anal ysis Questionnaires A-1 and C1 are pooled since the
guestions are identical.

Establishing a death risk netric for CB enables respondents
to think in risk terns, avoiding the conparability problens that
m ght be encountered if nonetary attributes were introduced.
Simlarly, for policy purposes EPA can establish a death risk
equi val ent and establish cost-effectiveness ratios in terns of
the cost per statistical death prevented. As indicated in
Viscusi (1986), this cost-effectiveness index wll provide a
conprehensi ve neasure of the policy inpact and also avoid the
political sensitivities of placing dollar values on all health
out cormes. Once a uniform health netric is established, one can
then conpare the cost per |ife equivalent saved with various
val ue-of-life reference points and decide whether the policy
should be pursued if one wishes to take a benefit-cost approach.

Unli ke market-based studies of the value of life, the survey
technique yields information on the entire distribution of the

val uati ons. Table 5 reports the deciles of the distribution for



Table 4
Rates of Trade-off Inplied by Indifference Points
Means and Std. Deviations
Part B Questionnaire
Trade-of f Rates A B C
CB-Auto (A1 & C1), 0. 68 - 0.70
auto deaths per CB case (0.82) (0.95)
CB-Cost of Living (A-2), 8.83 - -
dol l ar val ue per (12.50)
1/ 100,000 CB risk
CB-Storm Damage (B-1), - 852. 60 -
nunber of $2,000 storns (1064. 20)
equal to one CB case
Aut o- Cost of Living (G 2), - - 81. 84
dol l ar val ue per 1/100, 000 (168. 54)
reduced auto accident risk
Sanple Size 194 204 195




Table 5
Distribution of Chronic Bronchitis --

Auto Death Trade-Offs

Auto Death Equivalents per Chronic
Bronchitis Case

Decil e
.10 0.12
.20 0. 20
.30 0. 23
.40 0. 27
.50 (medi an) 0.32
. 60 0. 40
.70 0. 80
. 80 1. 00
.90 1.33

1.00 4. 00

Mean 0. 68

(St. error of nean) (0.06)
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respondents who gave consistent answers that converged to a
particular trade-off val ue. Subj ects whose responses indicated
that they did not fully conprehend the valuation task were
excluded from our sanple.

Specifically, we excluded subjects who failed one of the
follow ng consistency checks:

1) they started the series of paired conparison questions by
preferring one area, say Area A and as Area B was nmde
nore desirable in subsequent conparisons they continued to
prefer Area A even on the last question of the series in
which Area B domnated Area A on both attributes;

2) i ke inconsistency #1, they continued to prefer Area A in
each conparison until the last one in which Area B dom nated
Area A in both attributes, yet on this l|last question they
indicated indifference between Area A and Area B;

3) they indicated preference for one area, say Area A on the
first and all subsequent questions in the series (including
the last one in which Area B domnated Area A), then when
confronted with this inconsistency and asked to repeat the
series of questions chose Area B in the first question
(despite have selected Area A the first tine they were given
this question);

4) they indicated preference for one area, say Area A on all
guestions in the series except the last one in the series (in
which Area B dominated Area A) but including the next-to-Iast
guestion (for which Area B easily domnated Area A on one

attribute and Area A just barely domnated Area B on the
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other attribute) , thus making it inmpossible to interpolate
between the trade-offs inplied by the last two questions to
obtain an indifference point (because the last question
yields no rate of trade-off); or

5) they expressed indifference between all pairs of areas in the
series of questions, despite wide variation in their

attri butes.

Individuals who failed one of these inconsistency checks either
did not understand the choice task, were not responding honestly,
attached no value to one of the two attributes, or have non-
nmonotoni ¢ preferences for one of the attributes. We assune that
neither of the last two preferences attributes are possessed by
any subjects, thus inplying that answers which fail any of the
five inconsistency checks do not represent the subjects’ true
preferences.

The requirenment that the response pattern to the series of
paired conparisons be internally consistent wll lead to nore
meani ngful estimates than if no such checks were inposed. AaApout
two-thirds of the sanple converged to an indifference situation
and had consistent responses, where this percentage was similar
across all questionnaires. 21 These consistency checks
di stinguish our approach from the wusual contingent valuation
method in which respondents’ answers are taken at face value
wi thout such formal tests of whether the subjects understood the
valuation task and displayed consistent choices.

In evaluating the distribution in Table 5, first consider

the respondent at the tenth percentile. This person viewed a
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chronic bronchitis probability as being just as severe as a risk
of an auto accident that was 0.12 as (great. Thus, this

i ndividual would view a chronic bronchitis risk of 100/100, 000
risk of 100/100,000 per year as being equivalent to the annual
chance of being involved in an auto accident of 12/100, 000.

Now exam ne the respondent at the other end of the
di stribution. This individual views a chronic bronchitis risk as
being four tines as severe as a risk of death, so that a
100/ 100,000 risk of CB would be viewed as conparable to a
400/ 100,000 risk of death. He or she gave consistent responses
to the questions, but opted for the choice reflecting the highest
CB val uati on.

Many studies in the survey valuation literature exclude the
tails of the distribution since they are tainted by extrene
respondents such as this. Rat her than discard such information
altogether, we report the entire distribution, recognizing that
the top and bottom deciles may be affected by a lack of conplete
understanding of the interview task. The reported distributions
enable readers to assess how inportant outliers are within the
context of the study and by focusing primarily on the nedian
responses rather than the nean we avoid the distortion of our
results by these outliers.

The response pattern in which CB was nore highly valued than
auto death risks was exhibited by the top two deciles for each
guestionnaire’s response distribution. Such a pattern is not
necessarily inplausible. In addition to possibly

m sunderstanding the interview task, two explanations can be
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of f er ed. First, individuals mght legitimtely believe that such
a severe chronic illness is a worse outcone than death. The
health outcone described in Table 1 is quite serious and wll

have substantial duration. Their normal activities would be
curtailed, medical interventions including hospitalization and
possible reliance on a portable oxygen tank would acconpany
severe cases of CB, other illnesses would be nore likely, and
they woul d experience periods of depression.

The second possible explanation is that the respondents were
establ i shing equivalences between different average risks in an
area rather than different risks to thenselves. The CB risk was
characterized as an involuntary risk not under their control

except for snoking, whereas the auto accident risk differs
depending on one’s driving habits and skills. Qher studies
suggest that individuals nay have overly optimstic assessnents
of risks influenced by their actions, such as auto death risks,
as discussed in Viscusi and Magat (1987). If this were the case
the perceived person-specific risk would be below the stated

ri sk, causing an upward bias in the results in Table 5.

The nedian CB valuation is equivalent to 0.32 auto deaths.
Because of the skewed nature of the responses, the nean val ue of
0.68 is nore than double the nedian response. Regr essi on
analysis of the CB-auto death trade-off rates indicate no
significant variation across subjects with respect to either
denogr aphic factors such as age, incone, and education, or
personal characteristics such as snoking habits. This result is

nei ther surprising nor disturbing. Most individual attributes,
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such as household incone, should affect the CB valuation and the
value of life simlarly, and thus be unrelated to variation in
the CB--auto death trade-off rates across subjects. Because
there are no systematic differences anong individuals in their
risk-risk trade-offs, we can aggregate them into neani ngful
summary nmeasures such as nedians and neans w thout the risk of
drawi ng m sleading conclusions from an unrepresentative sanple.
The general inplications of these results is a follows.
Most, but not all, people regard the risk of chronic bronchitis
as a less severe outcone than the risk of death. However, the
prospect of a sustained chronic illness is viewed as a very
severe outcone. Based on the nedian responses, the death risk
equivalent of CB is. 0.32, and based on the nean response it is
0. 68. The general order of mnmagnitude of both the median and the
nmean is the same and is just below that of fatalities. As wll
be indicated in Section 5, these statistics can be transforned
into dollar valuation equivalents wusing established value-of-life

statistics.

4. Ri sk-Dol lar Valuations of Chronic Bronchitis

The second approach that we enployed to value chronic
bronchitis was to establish risk-dollar trade-offs. The two
approaches used were to establish the chronic bronchitis risk
equi valent of a higher cost of living and to determne the
rel ati onship between chronic bronchitis risks and storm damage
risks.

Consider first the cost-of-living results in Table 6. The

first colum of Table 6 lists the decile of the distribution.



Table 6
Distribution of Chronic Bronchitis -

Cost of Living Trade-Ofs

Trade-Of Levels

Dol | ar Val ue per Implicit Dollar
1/ 100, 000 Reduced Ri sk Val ue per Case
of Chronic Bronchitis of Chronic
Decil e (A-2) Bronchitis
.10 1.50 $150, 000
.20 3.00 $300, 000
.30 3.50 $350, 000
.40 4. 00 $400, 000
.50 (rmedian) 4.57 $457, 000
. 60 5.33 $533, 000
.70 6. 40 $640, 000
. 80 8. 00 $800, 000
.90 20. 00 $2, 000, 000
1.0 80. 00 $8, 000, 000
Mean 8. 83 $883, 000

(St. error of nean) (1.14) ($114, 000)
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Colum two presents the increased dollar value in the annual cost
of living that the respondent was willing to incur per 1/100,000
reduction in the annual probability of chronic bronchitis. If we
multiply the results in colum 2 by 100,000, we obtain the
inmplicit dollar value per statistical case of chronic bronchitis.
As in the case of the risk-risk results, the response
pattern is skewed so that the upper tail of the responses
generates a mean valuation estimate in excess of the nedian. The
results here indicate the average dollar value of chronic
bronchitis is $883,000, with an associated standard error of

$114, 000. The $457,000 nedian of the distribution is just over

hal f of the nean. Each of these values is below the usual
estimates of the inplicit value of life, which are reviewed in
Vi scusi  (1986). These results follow the expected pattern, given

the CB--auto death risk trade-off results reported above.

As in the case of the risk-risk trade-offs, the upper bound
of the chronic bronchitis valuation estimtes exceeds nost
estimates of the value of a fatality, as $8 mllion exceeds sone
but not all estimates of the value of life. Mre precise
conparisons of all of the results using a dollar netric will be
undertaken in Section 5.

The second set of CB risk-dollar trade-offs, which is
reported in Table 7, wuses storm danmage risks as the dollar
counterpart so that respondents nust conpare nonetary lotteries
and health status lotteries rather than certain nonetary (cost of
living) differences with health status lotteries. The first

colum of results gives the value of y for which a storm causing
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Table 7
Distribution of Chronic Bronchitis --

Storm Danage Trade-offs

Equi val ent  $2000 Implicit Dollar
Damage Probability Val ue per Case
(x100, 000) of Chronic
Decil e Bronchitis
.10 175. 00 $350, 000
.20 228.57 $457, 140
.30 266. 67 $533, 340
.40 266. 67 $533, 340
.50 (nedian) 400. 00 $800, 000
. 60 533. 33 $1, 066, 660
.70 800. 00 $1, 600, 000
.80 1, 333. 33 $2, 666, 660
.90 2, 000. 00 $4, 000, 000
1.0 4, 000. 00 $8, 000, 000
Mean 852. 60 $1, 705, 200

(St. error of mean) (91.93) ($183, 860)
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damage of $2000 with a probability of y/100,000 is equivalent to
a chronic bronchitis probability of 1/100, 000. A nore neani ngf ul
metric is the expected storm damage that is equivalent to each CB
case. This figure is obtained by nmultiplying the first colum of
results by the $2000 damage per storm damage event. The second

colum of results gives the dollar value per statistical case of

chronic bronchitis, where these dollar values have been obtained
using the storm damage costs.

A conparison of the distributions of inplied CB valuations
in Tables 6 and 7 suggests that the subjects may have found the
storm damage lottery conparison to have been nore difficult to
make than the conparison with a non-probabilistic cost-of-1living
I ncr ease. The distribution derived from the storm damage lottery
conpari son stochastically domnates the distribution from the
cost-of-living conparison, with both its nedian and nean al nost
double that of the cost-of-living distribution. Based on a
conparison with the dollar values of avoiding autonobile accident
fatalities reported in next section, the CB avoi dance val ues
derived from the storm danmage lottery questions appear to be
sonewhat hi gh. Further, the standard error of the nean is about
50 percent higher for the distribution derived from the storm
damage distribution than for the cost-of-lived based distribution
of CB val ues. In any event, these results do not suggest that
expressing dollar trade-offs in probabilistic form as in the
storm damage lottery, aids people in making risk-dollar trade-

offs, which was our original hypothesis.
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5. Trade-Ofs Between Auto Deaths and Cost-of Living

A useful check on the survey nethodology is to ascertain the
inplicit value of life using a direct fatality risk-dollar trade-
of f. This is done using autonobile accident risks and cost of
l[iving in Questionnaire C 2, and the results of this exploration
are reported in Table 8.

The nedi an response of $2,286,000 is quite reasonable in
view of the simlar (in 1987 dollars) narket-based estimte by
Bl onqui st (1979), but the nean value of $8,184,000 seens rather
| ar ge. The high nmean estimate was generated by a portion of the
sanple with value of life estimates as high as $80, 000, 000. Such
implausibly large estimates can occur because of the difficulty
of the conparison task. Respondents are being asked to establish
an equival ence between sone annual chance of chronic bronchitis
x/ 100,000 that is equivalent to an $80 cost-of-living increase.
This is a difficult conparison to nake. In contrast, the risk-
ri sk questions focused on chronic bronchitis--auto accident risk
conparisons of x/100,000 and y/100,000, where nobst respondents
did not believe that the severity of outcones differed by nore
than an order of magnitude

The inplicit dollar value of CB can be obtained by chaining
the responses to questionnaire part GC1, which gives the CB-auto
death trade-off, and part G2, which gives the auto death--
dollars trade-off. These results appear in Table 9. The nedi an
dollar value of each chronic bronchitis case is $800, 000. The
nean is much greater because there is one outlier with a $320

mllion value. This individual expressed extrene responses on
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Tabl e 8

Distribution of Auto Accident --

Cost of Living Trade-Ofs

Dol | ar Val ue per Inmplicit Dollar
1/ 100, 000 Reduced Val ue of
Deci l e Ri sk of an Accident an Acci dent
.10 10. 00 $1, 000, 000
. 20 17. 50 $1, 750, 000
.30 17. 50 $1, 750, 000
.40 20. 00 $2, 000, 000
.50 (nedian) 22. 86 $2, 286, 000
. 60 26. 67 $2, 667, 000
.70 40. 00 $4, 000, 000
. 80 80. 00 $8, 000, 000
.90 177.78 $17, 778, 000
1.0 800. 00 $80, 000, 000
Mean 81. 84 $8, 184, 000

(St. error of nean) (14. 40) ($1, 440, 000)




Table 9
Implicit Valuation of Chronic Bronchitis
Inplied by CB--Auto Death and Auto Death --

Cost of Living Trade-offs

Questionnaire C

Fractiles Inferred CB Val ue
.10 $200, 000
.20 $350, 000
.30 $522, 449
.40 $646, 154
.50 $800, 000
. 60 $1, 066, 667
.70 $2, 133, 333
.80 $3, 555, 556
.90 $12, 800, 000
.99 $71,111, 111

1.00 $320, 000, 000
Mean $6, 962, 364
(Std. Error of Mean) (%$2,977, 373)

(N = 112)
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each conponent part, Vvaluing each CB case at four tinmes the
anount of each death and having an inplicit value of an auto
fatality of $80 million. In each case, these were the highest
values in the sanple and the highest permtted by the Program
which indicates that this individual probably did not understand
the valuation task.

As instructive summary of the results is provided in Table
10. For the results creating CB/auto death risk equivalents, the
nunbers have been transforned into inplicit value-of-life terns
using three different reference points: a $2 mllion value of
life; a $3 million value of life; and a $5 mllion value of life
The $2 mllion figure is conparable to the nedian auto death risk
valuation within the survey so that this estinmate provides an
internal conparison of the results. The $3 mllion figure is
i ncluded since the recent estimates by More and Viscusi (1988)
indicate that the l|abor nmarket value of life is in the $2-$3
mllion range using BLS data, and this was the “best estimte” of
the value of life in earlier work by Viscusi (1983). The $5
mllion reference point is the value of l|ife figure obtained
using new NIOSH data on job fatality risks, which More and
Viscusi (1988) view to be superior to the BLS data

The pattern displayed by the results is fairly simlar. In
each case nean valuations are at |east double the value of the
medi an. Al t hough one would not expect symetry in a distribution
truncated at zero, the very high end responses observed appear to

be due to response errors.
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Tabl e 10
Summary of Risk-Dollar Equivalents
CB Dol I ar CB Dol I ar
CB Estimate Esti mate Esti mate
Di rect Usi ng Usi ng Usi ng
Valuation $2 Mllion $3 MIllion $5 Mllion
Esti mat e Value of Life Value of Life Value of Life
CB/ Auto Fatality:
A1l & CG1 (Median) - - $640, 000 $960, 000 $1, 600, 000
A1l & CG1 (Mean) - $1, 360, 000 $2, 040, 000 $3, 400, 000
CB/ Cost of Living:
A-2 (Medi an) $457, 000 T - - -
A-2 (Mean) $883, 000 - T -
CB/ St or m Danage:
B-1 (Median) $800, 000 -- - -
B-1 (Mean) $1, 705, 200 -- - --
CB/Dollars (Derived from CB/Auto Fatality and Auto/Cost of Living):

Gl & G2
Gl & G2

Aut o/ Cost  of Living:

C 2 (Median)
C 2 (Mean)

$800, 000

$6, 962, 364

$2, 286, 000
$8, 184, 000
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The nost clearcut divergence from plausible patterns is the

nmean value of |ife of $8,184,000 for the auto death\cost-of-
living trade-off. Wiereas the nean CB/auto values were roughly
double the nedian, the nean auto/cost of living values were

alnrost four tines the size of the nmedian, indicating a rmuch nore
skewed distribution. As noted in the discussion of Table 8, this
mean value was influenced in part by individuals with inplied
values of life as high as $80 mllion. These outliers suggest
that for some People meking neaningful trade-offs involving snall
cost-of-living differences and low risks of auto accident
fatalities is a task they cannot handle effectively.

The valuation of chronic norbidity across the difference
guestionnaire approaches is quite simlar for the case in which
we use a $2 mllion value of life figure to transform the death
equi val ent statistics into nmeaningful dollar estimates. The
nmedian value for the CB/auto death risk trade-offs is $640, 000,
as conpared with a median value of $457,000 for the CB/cost of
living trade-off and a nedian value of $800,000 for the CB/storm
damage results. These results are simlar to the $800,000 nedian
CB value that was obtained by chaining the CB/auto and auto/cost
of living responses. Even with a higher value of life of $3
mllion, the CB/auto nedian of $960,000 is not out of line wth
the CB/cost of living and CB/storm damage results.

Once we nove to the case where a $5 million value of life is
used, the nedian dollar valuation of each CB case prevented is
greatly increased to the $1, 600, 000. If EPA were to rely on, for

exanmple, the CB/cost of living results to value CB and then use a
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value of life of $5 mllion wthout also using an appropriately
adjusted CB value, this procedure could potentially understate
the value of the CB cases prevented by a factor of three. By
converting all outconmes to a health risk equivalence scale using
a death risk netric, EPA avoids any distortion in the mx of
targeted illnesses that mght otherwise occur if the value of

life nunber selected was incorrect.
6. Concl usi on

Al t hough narket evidence remains our nost reliable guideline
for assessing the shape of individual preferences, such evidence
is unavailable for many outcones that are either not traded
explicitly in markets or traded inplicitly but in a market for
which available data are not rich enough to identify the
pertinent trade-off rates. Analysis of risk-risk and risk-dollar
trade-offs using various types of sinulated market choices
provides a wuseful mnmechanism for establishing such values.

This study has developed a nethodology for deriving
norbidity valuation estimates based on the trade-off wth another
wel | -known risk, rather than forcing individuals to express
trade-off rates between norbidity rate reductions and dollars, a
task which is unfamliar to nost people. W presented several
conceptual reasons why consuners should be able to nore
accurately convey risk-risk trade-offs than risk-dollar trade-
offs, and the application of our nethodology to the valuation of
reductions in the risk of chronic bronchitis indicate that nost

individuals can make risk-risk trade-offs, even with a disease as



conplicated and unfamliar to healthy people as chronic
bronchitis.

Al though for the purpose of cost-effectiveness analysis
there is no need to neasure risk reduction value in terns of
dollars, when we translated our risk-risk estimates into risk-
dollar estimates using either survey results on auto accident
risk reduction values or published value-of-life estimtes, the
distributions conpared favorably, thus providing additional
confidence in the reasonabl eness of the results derived from our
met hodol ogy. Wiile this study applied the approach to the
valuation of only two risks, that of chronic bronchitis and an
auto accident fatalities, the favorable results suggest that the
net hodol ogy nay be nore widely applicable to other norbidity

ri sks, such as various forns of cancer.
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Foot not es

lsee Viscusi (1986) for a review of the market trade-off
literature.

25ee anal ysis by Blomguist (1979) for an inventive use of
seatbelt usage data to infer a value of life.

3Survey studies of various health and environnental risks
include the semnal work by Acton (1973) as well as nore recent
studies often grouped under the designation “contingent
valuation. “ These recent analyses include: Brookshire, Thayer,
Schul ze, and d’ Arge (1982) ; Cunmings, Brookshire, and Schulze
(1986); Fischhoff and Furby (1988); GCerking, de Haan, and Schul ze
(1988); Smth and Desvousges (1987); Viscusi and Magat (1987);
Vi scusi, Magat, and Forrest (1988); and Viscusi, Mgat, and Huber
(1987); and Fisher, Chestnut, and Violette (1989).

4 I'n desi gning our survey, we used software from Sawt ooth
Software, Inc.

SFor an i nportant recent study of the valuation of health
risks rather than nortality, see Berger et al. (1987).

SFor exanpl e, see Viscusi, Mgat and Huber (1987), pages
477- 478.

7see Petty (1985) for a discussion of the distinction
between chronic bronchitis, the related disease enphysema, and
the broader disease category called chronic obstructive pulnonary
di sease. The authors selected the type of chronic bronchitis
described in Table 1 after consulting closely wth tw |ung
specialists at Duke University Medical Center and visiting the
Medical Center rehabilitation program for patients with severe
| ung di seases.

8at the end of the interview, subjects were carefully
debriefed about this use of average rather than person-specific
risks.

%our past studies suggest that presenting the risk in terns.
of the nunmber of cases for a large base population is nore
conprehensible than giving risk Ilevels such as 0.00075.

10see Arrow (1971).

llsee Viscusi and Magat (1987) and Viscusi, Mgat, and Huber
(1987)



12probit anal ysis was used to identify personal
characteristics that explain the division of subjects between
those giving consistent and inconsistent responses. The only two
significant variables in the equation are ACE and SMXKER, wth
ol der respondents less likely to give consistent responses and
snmokers nore likely to respond consistently. These results may
reflect the difficulty that older subjects have with the new
interview technology (conputers) and the greater thought that
snokers have given to the inplications of chronic bronchitis.
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